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Preface 


Site  characterization  investigations  were  conducted  at  Fort  Carson,  Colorado; 
Fort  A.  P.  Hill,  Virginia;  and  Jefferson  Proving  Ground  (JPG),  Indiana,  by  personnel 
of  the  Geotechnical  Laboratory  (GL)  and  Environmental  Laboratory  (EL), 

U.S.  Army  Engineer  Waterways  Experiment  Station  (WES).  The  site 
characterizations  were  conducted  over  a  2-year  period,  1996-1998.  The 
investigations  included  measurements  and  surveys  to  determine  geological, 
geophysical,  and  environmental  parameters  or  properties  and  their  variation  with 
depth,  lateral  dimension,  and  time.  The  investigations  at  Fort  Carson  and  Fort  A.  P. 
Hill  were  conducted  for  the  Defense  Advanced  Research  Projects  Agency  (DARPA), 
Arlington,  VA,  whereas  those  at  JPG  were  part  of  the  Science  and  Technology 
Program,  Unexploded  Ordnance  (UXO)  Technology  Demonstration  Phase  IV  Study 
overseen  by  the  U.S.  Army  Environmental  Center  (USACE),  Aberdeen  Proving 
Ground,  MD.  The  purpose  of  the  study  was  to  characterize  the  sites  for  comparison 
with  other  UXO/landmine  test  sites  and  to  provide  presite  disturbance  assessments 
of  site  heterogeneity  (variability)  and  the  presence  of  buried  cultural  features.  Drs. 
Dwain  K.  Butler  and  Ernesto  R.  Cespedes  were  the  WES  Principal  Investigators. 

Dr.  Regina  Dugan  was  the  DARPA  Program  Manager.  Ms.  Kelly  Rigano  and  Mr. 
George  Robitaille  were  USACE  Program  Managers. 

This  report  was  prepared  by  Drs.  Dwam  K.  Butler,  Janet  E.  Simms,  and  Lawson 
M.  Smith  and  Mr.  Jose  L.  Llopis,  Earthquake  Engineering  and  Geosciences  Division 
(EEGD),  GL.  Preliminary  geologic  evaluation  of  the  DARPA  sites  was  provided  by 
Dr.  Smith;  geophysical  field  work  was  performed  by  Dr.  Simms  and  Mr.  Llopis;  and 
soil  samples  were  collected  by  GL  and  EL  personnel.  Soils  testing  and  analysis 
were  conducted  by  the  Soil  and  Rock  Mechanics  Division,  GL.  Geophysical  data 
analysis  was  performed  by  Drs.  Butler  and  Simms  and  Mr.  Llopis;  and  geologic 
interpretation  (DARPA  sites)  was  provided  by  Dr.  Smith.  The  work  was  performed 
under  the  direct  supervision  of  Mr.  Joseph  R.  Curro,  Jr.,  DARPA  sites,  and  Dr.  Mary 
Ellen  Hynes,  JPG  site.  Chiefs,  Engineering  Geophysics  Branch,  EEGD;  and  the 
general  supervision  of  Drs.  A.  G.  Franklin,  DARPA  sites.  Chief,  EEGD,  Lillian 
Wakeley,  JPG  site,  Acting  Chief,  EEGD,  and  William  F.  Marcuson  III,  Director,  GL. 

At  the  time  of  publication  of  this  report.  Director  of  WES  was  Dr.  Robert  W. 
Whalin.  Commander  was  COL  Robin  R.  Cababa,  EN. 
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Conversion  Factors, 
Non-SI  to  Si  Units  of 
Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI  umts  as 
follows: 


Multiply 

By 

To  Obtain 

acres 

4,046.873 

square  meters 

feet 

0.3048 

meters 

feet  per  second 

0.3048 

meters  per  second 

gamma 

1.0 

nanotesla 

miles  (U.S.  statute) 

1.609347 

kilometers 

mlllimho  per  foot 

3.28 

millisiemen  per  meter 

1  Introduction 


Background  Information 

Location  of  buried  landmines  and  unexploded  ordnance  (UXO)  requires  the 
application  of  surface  geophysical  techniques  and/or  very  low-level  airborne 
geophysical  techniques  to  detect  anomalies  or  signatures  of  the  objects  against  a 
background.  The  geophysical  techniques  include  magnetic  methods, 
electromagnetic  induction  methods,  ground  penetrating  radar  (GPR)  methods  (wave 
propagation  electromagnetic  methods),  microgravity  methods,  and  various  multi- 
spectral  and  infrared  (IR)  remote  imaging  mediods.  Since  each  of  the  detection 
methods  listed  respond  to  contrasts,  changes  or  variations  of  physical  properties  or 
features,  a  multitude  of  geophysical  sensor  responses  are  a  result  of  site 
characteristics.  Site  characteristics  which  produce  sensor  responses  are  called  the 
background.  The  backgroimd  is  both  site  and  time  dependent  and  includes  the 
effects  of  site  geology,  site  physiography,  vegetation,  climatic  variables,  and  any 
surface  and  buried  cultural  debris  or  engineered  structures.  Often,  much  of  the 
siuface  and  buried  cultural  debris  will  be  the  metallic  remains  of  ordnance  that  has 
performed  successfully  (i.e.,  detonated  as  designed).  The  background  at  a  site  may 
be  such  that  the  geophysical  signatures  of  landmines  and  UXO  cannot  be 
discriminated  or  detected  against  the  background  signature  complex.  Also, 
particular  features  of  the  background  may  produce  signatures  that  are  interpreted  as 
caused  by  landmines  or  UXO,  thus  producing  false  alarms.  For  example,  buried 
metallic  debris  can  produce  magnetic  and  electromagnetic  signatures  that  look 
similar  to  the  signatures  of  UXO.  Also,  buried  metallic  debris,  tree  roots,  and  large 
cobbles  can  produce  GPR  signatures  that  look  similar  to  UXO. 

For  UXO  remediation/cleanup  based  on  geophysical  surveys  for  UXO  detection 
and  location,  the  current  levels  of  false  alarms  are  a  major  limiting  factor  in  cleanup 
effort  and  cost.  Recent  Technology  Demonstrations  (TDs)  at  Jefferson  Proving 
Ground  (JPG),  Indiana,  demonstrated  the  problems  caused  by  the  site  backgroimd 
and  associated  false  alarms  in  degrading  the  capability  for  landmine  and  UXO 
detection  (Altshuler  et  al.  1995;  Sparrow,  Andrews,  and  Dugan  1995).  In  JPG  TD 
Phase  I  (Sparrow,  Andrews,  and  Dugan  1995),  only  one  demonstrator  had  an 
ordnance  detection  ratio  in  excess  of  60  percent  (considering  only  the  portion  of  the 
40  acre  area  actually  surveyed).  Performance  by  demonstrators  in  JPG  TD  Phase  II 
improved  somewhat,  with  seven  demonstrators  having  ordnance  detection  ratios  in 
excess  of  60  percent.  The  best  performance  in  terms  of  ordnance  detection  ratio  in 
Phase  II  was  85  percent,  but  that  demonstrator  had  4.7  false  alarms  per  ordnance 
item  detected.  Even  the  best  performer  in  terms  of  false  alarms  had  3.4  false  alarms 
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per  ordnance  item  detected.  Much  of  the  improved  performance  from  Phase  I  to 
Phase  II  can  be  attributed  to  repeat  demonstrators’  improved  knowledge  of  site 
conditions  and  generally  improved  positioning  capability.  Magnetic  and 
electromagnetic  induction  systems  were  the  most  successful  at  JPG.  GPR  systems 
performed  extremely  poorly  at  JPQ  both  in  terms  of  poor  ordnance  detection  rates 
and  high  false  alarm  rates.  Airborne  systems  were  totally  ineffective  at  JPG  for  both 
Phases  I  and  II,  with  ordnance  detection  results  statistically  indistinguishable  from 
random  anomaly  location  (Altshuler  et  al.  1995). 

The  variability  of  soils,  high  soil  moisture  content,  rough  surface  conditions, 
and  large  amounts  of  buried  metallic  debris  at  JPG  provided  a  background  against 
which  ordnance  detection  and  discrimination  by  the  geophysical  systems  was 
difficult.  Climatic  variables,  such  as  temperature  and  soil  moisture  content,  and  site 
surface  condition  variations  (e.g.,  due  to  traffic  or  vegetation)  are  time-dependent 
background  variables  which  can  effect  ordnance  detection  and  false  alarm  rates. 

The  site-(geologic  and  cultural  components  of  background)  and  time-(climatic  and 
surface  condition  changes)  dependent  background  will  vary  from  site  to  site.  For  a 
given  site,  while  the  geology  is  fixed,  the  geologic  component  of  the  background 
will  have  both  fixed  and  time  varying  aspects,  since  the  properties  of  geologic 
materials  vary  with  moisture  content  and  temperature.  Site  geology  can  be 
determined  by  geological  investigations  and  geophysical  surveys,  and  the  impact  of 
time  vaiying  properties,  particularly  of  the  very  near-surface  region,  can  be 
estimated  or  pre^cted.  The  cultural  component  of  background,  e.g.,  buried 
metallic  debris,  will  depend  on  prior  site  use  and  may  not  be  easily  determined  or 
predicted  except  by  analogy  with  similarly  used  nearby  sites. 

In  the  context  of  classical  radar  target  detection  and  other  types  of  remote 
imagery,  the  background  agetinst  which  targets  are  detected  is  sometimes  called 
“clutter.”  For  problems  such  as  detecting  targets  through  a  tree  canopy  or  through 
atmospheric  conditions  with  varying  density  and  water  content,  empirical, 
analytical,  and  statistical  clutter  models  have  been  developed  which  sometimes 
allow  feature  extraction  and  target  discrimination  against  the  clutter  or  backgroimd 
(e.g.,  Kreithen  and  Crooks  1990;  Brown  1990).  While  the  geophysical  signatures  of 
landmines  and  UXO  can  be  predicted  or  modeled  using  analytical  or  numerical 
modeling  procedures,  there  has  been  little  stu^  directed  toward  the  development  of 
background  or  clutter  models  to  aid  in  reducing  or  mitigating  the  impact  of  false 
alarms  in  UXO  and  landmine  detection  and  mapping  efforts.  The  goal  of  the 
present  effort  is  to  begin  to  fill  this  void  by  collecting  geophysical  data  at  well 
documented  test  sites  and  investigating  the  feasibility  of  developing  site  clutter  or 
background  models,  perhaps  similar  to  clutter  models  used  in  remote  imagery  or  to 
geostatistical  models  of  heterogeneity  and  scale  commonly  used  in  the  geosciences. 
This  report  documents  the  site  selection  criteria  and  geophysical  site 
characterization. 


Defense  Advanced  Research  Project  Agency 
(DARPA)  Background  Characterization  Program 

The  present  program  was  developed  by  DARPA  in  an  effort  to  collect 
background  or  clutter  data  at  test  sites  in  a  variety  of  geologic  and  geographic 
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settings.  Data  collection  eflforts  are  to  involve  all  the  geophysical  methods  and 
sensors  conunonly  used  or  proposed  for  use  for  UXO  and  landmine  detection.  The 
program  involves  the  following  key  aspects: 

a.  A  criteria  guided  site  selection  process. 

b.  Thorough  geologic,  geophysical,  and  environmental  characterization  of 
the  sites  prior  to  any  site  disturbance. 

c.  Careful  and  accurate  site  layout  to  include  a  central  portion  for 
background/clutter  measurements  and  sidebar  areas  for  installation  of  landmine  and 
UXO  targets. 

d.  Well  documented  burial  of  registration  targets,  calibration  targets,  and 
landmine  and  UXO  targets. 

e.  Development  of  a  detailed  data  collection  test  plan,  monitoring  site,  and 
target  conditions  (temperature,  soil  moisture,  meteorological  data)  (George  1996). 

£  Carefully  documented  and  supervised  data  collection  efiforts  by 
contractors  using  a  single  geophysical  system  at  a  time  on  each  site. 

g.  Submittal  of  data  in  a  standard  and  consistent  format  (George  1997). 

h.  Subsequent  analysis  of  the  data  using  advanced  data  processing  and 
analysis  tools. 

Phase  I  of  this  program  called  for  the  selection  of  four  1 -hectare  (1  hectare  = 

100  X  100  m)  sites  at  two  locations  in  the  U.S.  (two  sites  at  each  of  two  locations). 
The  site  selection,  site  layout,  site  characterization,  target  acquisition  and 
emplacement,  and  sensor  navigation/location  aspects  of  the  program  were  managed 
for  DARPA  by  the  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES), 
Vicksburg,  MS,  and  the  U.S.  Army  Night  Wsion  Electronic  Sensors  Directorate 
(NVESD),  Fort  Belvoir,  VA.  WES  and  NVESD  also  managed  contractor  proposal 
evaluations  and  contract  awards  for  three  to  four  contractors  each. 


General  and  Logistical  Site  Selection  Criteria 

The  following  criteria  guided  the  initial  phase  for  site  selection  of  four  sites  at 
two  locations.  These  criteria  address  key  issues  of  geology,  physiography,  and 
accessibility.  While  no  known  hazardous,  toxic  and  radiological  wastes  (HTRW) 
and  UXO  should  be  on  or  buried  at  the  sites,  small  amounts  of  buried  cultural  debris 
(metallic  or  otherwise)  are  acceptable  as  part  of  the  background.  The  following 
criteria  were  viewed  as  guidelines  rather  than  rigorous  requirements: 

DARPA  Background  Program 
Site  Selection  Criteria 

-  Thick,  relatively  homogeneous  soil  (=  5  m) 

-  Minimal  known  ground  disturbance 
—  Groundwater  table  at  least  3  m  deep 

-  Surface  slopes  <  5  percent 
-No  trees  or  other  obstacles 
-At  least  120  x  120  m 

-  Readily  accessible  by  all-weather  road 
-Area  available  for  vehicle  parking 
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-  No  known  or  suspected  HTRW  or  UXO 
—No  large  gullies,  depressions,  or  water  bodies 

-  No  large  vehicle  traffic 

-  No  overhead  or  underground  utilities 

-  No  metal  fences,  buildings,  or  other  cultural  features  within  50  m 


Site  Selection  Process 

It  was  determined  early  in  this  program  that  one  location  for  two  of  the  test  sites 
would  be  Fort  A.  P.  Hill,  Wginia.  The  soils  at  Fort  A.  P.  Hill  are  well-drained  sands 
(sandy  loam)  and,  with  an  average  of  107  cm  (43  in.)  precipitation  yearly,  the 
location  is  classified  as  “moist.”  Considering  a  simple  site  classification  scheme 
that  includes  sand  and  clay  as  generic  particle  size  and  soil  type  classifiers  and  moist 
and  dry  as  the  soil  moisture  and  climatic  classifiers,  military  installations  were 
considered  for  the  remaining  two  test  sites  that  would  (a)  provide  contrasting  site 
conditions  to  the  Fort  A.  P.  Hill  site  and  (b)  satisfy  the  general  site  selection  criteria. 
Among  the  installations  considered  were  Fort  Hood,  Texas,  Fort  Leonard  Wood, 
Missouri,  and  Fort  Carson,  Colorado.  Fort  Hood  was  eliminated  for  logistical 
reasons.  The  following  simple  site  classification  diagram  (Figure  1)  gtiided  the 
selection  of  Fort  Carson,  Colorado,  for  location  of  the  remaining  two  sites. 


SAND 

CLAY 


Figure  1.  Selection  considerations  for  research  sites 


Fort  A.  P.  Hill,  VA 

Fort  Carson,  CO 

Fort  Leonard  Wood,  MO 
Jefferson  Proving  Ground,  IN 

Fort  Carson,  CO 

MOIST  DRY 


As  noted  in  the  preceding  diagram,  both  sand  and  clay  sites  can  be  found  at  Fort 
Carson  and,  with  an  average  annual  precipitation  of  41  cm  (16  in.).  Fort  Carson  is 
classified  as  a  dry  location.  JPG  is  indicated  in  the  diagram  (matrix)  as  a  moist,  clay 
location,  and  Fort  Leonard  Wood  generally  duplicates  the  conditions  at  JPG.  Thus, 
for  the  simple  classification  scheme  of  moist  or  dry  and  sand  or  clay  described 
above,  the  selections  of  appropriate  sites  at  Fort  A.  P.  Hill  and  Fort  Carson 
complements  the  JPG  TD  sites  and  “fills  in”  the  classification  matrix.  However, 
this  assertion  does  not  imply  that  the  simple  classification  scheme  includes  the 
complete  range  of  geologic  variability  and  complexity  likely  to  be  encountered  at 
UXO  sites.  Locations  with  possible  UXO  contamination  exist  that  would  be 
classified  as  “wet,”  such  as  Fort  Polk,  Louisiana,  and  as  “very  dry  (arid),”  such  as 
Fort  Irwin,  California.  Also,  soil  types  exist  at  military  facilities  over  the  lull  range 
of  gravels,  sands,  silts,  clays,  and  mixtures.  There  are  complex  alluvial  sites  at  Fort 
Carson,  for  example,  with  interfingered  gravels,  sands,  and  clays  and  isolated 
cobble-sized  rocks  in  the  soil.  Sites  with  more  extreme  climatic  conditions  and 
complex  geologies  may  be  used  for  future  backgroimd  characterization  studies. 
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The  1 -hectare  (ha)  test  site  at  JPG  was  established  subsequent  to  the  DARPA 
sites  and  following  the  TD  Phase  I-III  studies  at  JPG.  A  thorough  characterization 
of  the  40-  and  80-acre  sites  at  JPG  was  not  performed  prior  to  UXO  emplacement  at 
these  sites  (PRC  Environmental  Management,  Inc.  1996).  Since  additional  UXO 
backgrounds  characterization  studies  were  to  be  conducted  at  JPQ  it  was  deemed 
beneficial  to  establish  a  1-ha  test  site  at  JPG  similar  to  the  DARPA  sites.  The  basic 
guidelines  and  procedures  used  to  establish  the  DARPA  sites  were  followed  at  the 
JPG  1-ha  site. 


Site  Characterization  Objectives  and  Approach 

This  report  documents  the  site  characterization  efforts  at  the  four  sites  selected 
for  the  DARPA  Background  Characterization  Program  and  the  JPG  1-ha  test  site. 
Site  characterizations  were  performed  to  (a)  provide  qualitative  information  to 
compare  and  contrast  the  sites  selected,  (b)  provide  electromagnetic  property 
information  relevant  to  contractor  GPR  surv^s,  (c)  provide  information  to 
complement  later  sensor  data  analyses,  (d)  benchmark  site  characteristics  for 
comparison  to  past  and  future  sensor  performance  tests,  and  (e)  provide  initial 
estimates  of  sensor  results  (magnetic,  electromagnetic  induction,  and  GPR)  as  a 
benchmark  to  compare  to  contractor  sensor  data.  The  general  results  of  the  site 
characterization  were  provided  to  all  contractors  involved  in  the  program  for  their 
plaiming  purposes  and  subsequent  use  for  self-analyses  of  results.  The  site 
characterization  work  was  performed  prior  to  any  disturbance  of  the  sites  by 
installation  of  buried  registration  targets,  UXO,  and  landmines,  and  prior  to  any 
measurements  by  contractors. 

General  objectives  of  the  site  characterization  efforts  were  to  determine  site- 
specific  details  of  subsurface  geology,  determine  geophysical  parameters,  assess 
general  site  heterogeneity  and  scale,  and  detect  buried  cultural  features  or  objects. 
The  approach  to  achieve  these  objectives  included  geologic  investigations,  soil 
sampling  and  analyses,  and  geophysical  surveys.  In  addition  to  the  geologic  and 
geophysical  investigations,  topographic  surveys,  vegetation  surveys,  and 
environmental  monitoring  were  conducted;  this  report  will  concentrate  on  results  of 
the  geologic  and  geophysical  investigations. 


Scope  of  Report 

Review  of  the  regional  geology  of  the  Fort  A.  P.  Hill,  Fort  Carson,  and  JPG 
areas  and  site-specific  geologic  details  of  the  test  sites  are  presented  in  Chapter  2. 
Chapter  3  presents  details  of  the  site  characterization  plan,  concepts  of  the 
geophysical  methods,  and  field  survey  procedures.  Results  of  the  geophysical 
surveys  are  presented  and  interpreted  in  Chapter  4,  and  conclusions  are  outlined  in 
Chapter  5.  Data  compilations  of  the  soil  sampling  analyses  and  geophysical  surveys 
are  presented  in  Appendices  A  through  O. 
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Introduction 

The  research  goals  of  the  project  require  that  test  sites  be  selected  that  are 
significantly  different  in  terms  of  site  characteristics  which  may  influence  the  ability 
of  various  geophysical  methods  to  detect  and  identify  potential  UXOs.  The  test 
sites  should  include  sites  that  have  predominantly  sandy  soils  and  those  that  have 
clayey  soils.  Additionally,  the  different  sites  should  reflect  the  significance  of  the 
variation  in  climate  (primarily  moisture  regime)  and  man-made  contamination  on 
the  detection  system  performance.  Consequently,  it  was  determined  that  optimally 
there  would  be  four  sites  (in  addition  to  the  JPG  site),  two  each  in  humid  and  semi- 
arid  settings.  In  each  climatic  setting,  the  two  sites  should  reflect  a  sandy  site  and  a 
clayey  site. 

After  review  of  existing  regional  geologic  and  climatic  data  for  Department  of 
the  Army  (DA)  installations  in  the  U.S.,  two  installations  were  chosen  for  the 
establishment  of  the  four  research  sites.  These  installations  are  Fort  Carson, 
Colorado,  and  Fort  A.  P.  Hill,  Vuginia  (Figure  1).  The  two  sites  at  Fort  Carson 
represent  sandy  and  clayey  soil  sites  in  a  semi-arid  regime.  The  two  sites  at  Fort  A. 
P.  Hill  represent  sandy  soil  sites  in  a  humid  climate  region.  These  four  sites 
complement  the  general  soil-climate  classification  of  Jefferson  Proving  Ground, 
which  is  “clayey”  soil  in  a  humid  region. 

Surface  soil  samples  were  collected  at  five  locations,  and  soil  samples  at  depths 
of  0, 0.5,  and  1  m  were  collected  at  five  other  locations  at  both  sites  on  Fort  Carson 
and  Fort  A.  P.  Hill.  Surface  soil  samples  were  not  collected  at  JPQ  however  a 
sample  was  taken  at  0  or  10  cm  depth  at  all  seven  locations,  and  samples  at  depth 
collected  at  four  of  those  locations.  The  locations  of  the  soil  samples  were  specified 
by  DARPA  and  are  listed  below.  The  coordinate  locations  correspond  to  the 
individual  grid  sites,  which  are  generally  125  x  100  m.  The  surface  soil  samples 
were  classified  based  on  the  U.S.  Department  of  Agriculture  (USDA)  soil 
classification  procedure.  The  USDA  textural  classification  diagram  is  reproduced  in 
Figure  2.  Moisture  contents  were  measured  for  all  samples.  A  sieve  analysis  was 
performed  on  the  surface  soil  samples,  and  both  a  sieve  analysis  and  hydrometer 
analysis  were  performed  on  two  soil  samples  collected  at  each  site  within  the  center 
square  (100  x  100  m  area)  at  Fort  Carson  and  Fort  A.  P.  Hill.  A  sieve  analysis  was 
performed  on  all  of  the  soil  samples  collected  at  JPG.  The  sieve  analysis  provides 
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Surface  Soil  Samples 
Fort  Carson.  Fort  A.  P.  Hill 
(27.5E,  73N) 

(40E,  23N) 

(52.5E,  85.5N) 

(65E,  10.5N) 

(77.5E,  60.5N) 


Soil  Samples  Collected  at  Depth 
Fort  Carson,  Fort  A.  P.  Hill.  JPG 
(0E,60N)FP2O 
(2E,  60N)  FP22 

(8E,  17N)  Seabee,  Turkey  Creek 
(27.5E,  73N) 

(65E,  10.5N) 

(122E,  8N) 

(123E,  97N) 


Soil  Samples  at  10  cm 

JPG _ 

(40E,  23N) 

(52.5E,  85.5N) 
(77.5E,  60.5N) 


gradation  information  on  the  coarse  fraction  (>  0.075  mm),  whereas  the  hydrometer 
analysis  evaluates  the  finer  material.  The  soil  gradation  boimdaries  used  in  the  sieve 
and  hydrometer  analysis  are  based  on  the  Unified  Soil  Classification  System 
(uses)  (Table  1).  The  USCS  provides  both  gradation  and  plasticity  information 
about  a  soil,  and  differs  with  the  USDA  system  on  the  particle  size  boundaries  used 
to  classify  a  soil  (for  example,  USDA:  0.05  mm  <  sand  <  2.00  mm;  USCS:  0.075 
mm  <  sand  <  4.75  mm).  Tabulated  results  of  the  laboratory  analyses  and  plots  of 
the  soil  gradation  curves  are  provided  in  Appendices  A,  D,  G,  J  and  M  for  the  Fort 
Carson  (Seabee  and  Turk^  Creek),  Fort  A.  P.  Hill  (Firing  Point  20  and  Firing  Point 
22)  and  JPG  sites,  respectively. 


In  the  following  paragraphs,  a  general  description  of  the  regional  setting  of  Fort 
Carson,  Fort  A.  P.  Hill,  and  Jefferson  Proving  Ground  is  provided.  Additionally,  a 
detailed  description  of  each  of  the  sites  at  each  installation  is  given. 


Fort  Carson  Research  Sites 

Fort  Carson  is  located  at  the  foot  of  the  Rocky  Mountains  in  central  Colorado. 
The  complex  geologic  history  of  the  area  has  resulted  in  the  occurrence  of  a  wide 
variety  of  geologic  materials  at  and  near  the  surface  (Figure  3).  The  highly  variable 
geologic  conditions  at  provided  an  opportunity  to  look  at  many  different  “sandy” 
and  “clayey”  settings  for  potential  research  sites. 

Much  of  the  landscape  of  Fort  Carson  dips  from  west  to  east,  consisting  of  large 
alluvial  fans  and  eastward  dipping  bedrock  foothill  ramps.  The  alluvial  fans  consist 
of  material  eroded  from  the  sedimentary  and  igneous  rocks  of  the  steep  Rampart 
Range  which  rise  in  elevation  from  about  1830  meters  Mean  Sea  Level  (M.S.L.)  to 
almost  3050  meters  immediately  west  of  the  installation.  The  fans  and  alluvial 
channels  are  separated  by  erosional  remnants  of  bedrock  tilted  up  to  the  west  as  the 
Rocky  Mountains  were  thrust  upward,  also  creating  topographic  ramps  down  to  the 
Great  Plains  east  of  the  installation. 

Landslides  and  earthflows  on  the  steep  slopes  along  the  north-south  trending 
mountain  front,  active  mountain  building  and  seismicity,  and  changes  in  climate 
have  produced  a  landscape  that  is  characterized  by  a  number  of  large-scale 
geomorphic  features.  These  processes,  including  rapid  erosion  and  deposition, 
landslides,  uplift  and  subsequent  deep  weathering  of  underlying  sediments,  have 
been  important  in  creating  the  settings  of  the  two  research  sites. 
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Figure  2.  USDA  soil  classification  diagram 


Table  1 

Unified  Soil  Classification  System 

CriteHa  for  assigning  soil  symbols  and  descriptions 

Soil  Classification  | 

Symbol 

Description 

Coarse  grained  soils, 
i  50%  retained  on 

No.  200  sieve 

Gravels,  50%  coarse 
fraction  retained  on  No.  4 

<  5%*  fines 

•*C„i4and1  S***Ce53 

GW 

Wen  graded  gravel 

C4,<4and/or1  >  Cff>3 

GP 

Poorty  graded  gravel 

>12%*  fines 

Fines  MUMH 

GM 

Silty  gravel 

Rnes  CL/CH 

GC 

Clayey  gravel 

Sands,  2: 50%  coarse 
fraction  passes  No.  4 

<  5%*  fines 

C*,i6and1  ^Ce^3 

SW 

Wen  graded  sand 

Ctf  <  6  and/or  1  >  Cc  >  3 

SP 

Poorly  graded  sand 

>12%*rines 

nnes  ML/MH 

SM 

Silty  sand 

Fines  CL/CH 

SC 

Clayey  sand 

Fine  grained  soils, 
i  50%  passing 

No.  200  sieve 

Silts  and  clays,  LL  5  50 

Inorganic 

Above  A  iine^ 

CL 

Lean  clay 

Below  A  line‘s 

ML 

Low  compressibility  sift 

Organic 

Oven  dried  LL 

-  <0.75 

Original  U. 

OL 

Organic  silt  or  clay 

Inorganic 

Above  A  fine^ 

CH 

Fat  clay 

Silts  and  clays,  IL  ^  50 

BelowAline^ 

MH 

High  compressibifity  sat 

Organic 

Oven  dried  LL 

<0.75 

Original  LL 

OH 

Organic  clay  or  silt 

Highly  organic  soils 

Dar1<,  odorous  organic  matter 

Pt 

Peat 

•5  to  12  percent,  use  dual  symbol  tHatched  zone,  use  dual  symbol  •*Ca «  D«/  •♦•Q  «  (Dm)V  (Diox  Dm) 
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The  age  of  surficial  geologic  units  generally  decreases  from  west  to  east  across 
Fort  Carson  (Figure  4).  The  western  boundary  of  the  installation  occurs  on  the 
eastern  flank  of  the  Rampart  Range  and  consists  primarily  of  the  Paleozoic  Fountain 
Formation.  Outcropping  sedimentary  strata  include  Permian,  Triassic,  Jurassic, 

Cretaceous,  and  Quaternary  age  rocks,  respectively  to  the  east  as  these  broad,  deep 
formations  are  warped  up  and  exposed  on  the  eastern  face  and  rampart  of  the 
Rockies.  Draped  across  this  west  to  east  ramp  are  thick  wedges  of  alluvial  deposits 
In  the  form  of  alluvial  fans  and  stream  valleys. 

Soils  (pedogenic)  of  Fort  Carson,  a  function  of  the  complex  geologic  and 
climatic  history  of  the  area,  are  expectedly  highly  variable,  but  significantly  related 
to  underlying  geologic  units.  Clayey  soils  occur  primarily  on  outcrops  of  the  Pierre 
Shale.  Scattered  clayey  soils  also  occur  on  the  clayey  facies  of  the  Morrison 
Formation  (Jurassic)  and  overlying  alluvial  (stream)  deposits,  but  are  highly 
unpredictable.  Sandy  soils  are  found  on  most  alluvial  surfaces  (fans,  colluvial 
slopes,  stream  valleys,  and  landslide  deposits)  and  on  the  Fountain  (Pennsylvanian), 

Lyons  (Permian),  Lykins  (Triassic),  and  Dakota  (Lower  Cretaceous)  Formations 
(from  west  to  east). 

The  climate  of  Fort  Carson  is  typically  semi-arid/temperate.  Average  aimual 
precipitation  is  400  millimeters  (mm)  with  May  usually  the  wettest  month  (mean 
May  precipitation  is  79  mm)  and  December  the  driest  month  (mean  December 
precipitation  is  7.6  mm).  The  Fort  Carson  area  averages  110  days  per  year  with 
measurable  (0.25  mm)  precipitation  and  40  days  per  year  with  25  mm  or  more 
snowfall.  Annual  average  evaporation  is  approximately  1400  mm  at  Fort  Carson. 

Like  the  annual  moisture  regime,  temperature  is  also  highly  variable  through  the 
year.  July  is  the  warmest  month  with  a  mean  temperature  of  28.9  degrees  (Celcius) 
and  January  is  the  coldest  month,  averaging  5  degrees.  The  Fort  Carson  area 
averages  about  200  days  per  year  with  freezing  temperatures.  Daily  temperatures 
can  fluctuate  significantly  (often  more  than  20  degrees),  particularly  in  the  fall  and 
spring  months.  The  area  is  often  sunny,  averaging  more  than  3000  hours  of 
sunshine  per  year,  with  July  being  the  sunniest  month  (300  hours)  and  December  the 
cloudiest  (170  hours  sunshine). 

Seabee  site  description 

The  Seabee  site  occurs  on  an  upland  surface  of  an  outcrop  of  the  upturned 
Pierre  Shale.  The  site  is  located  in  the  SEl/4,  SEl/4,  NEl/4,  Section  33,  Range  66 
west.  Township  15  south  (map  coordinate  193836  on  the  Mount  Big  Chief  1:50,000 
Defense  Mapping  Agency  (DMA)  quadrangle)  on  a  small  eastward  sloping  shelf, 
surrounded  by  low  hills  eroded  in  the  Cretaceous  shale  (Figures  5  and  6).  The 
average  elevation  of  the  site  is  1752  m  M.S.L.  (from  the  Cheyenne  Mountain 
1:24,000  U.S.  Geological  Survey  (USGS)  7.5  minute  quadrangle).  Surface 
topographic  features  are  few  and  almost  imperceptible  to  casual  inspection,  since 
the  site  is  covered  by  thick,  tall  grasses. 

The  shelf  the  site  occupies  appears  to  be  the  product  of  long  term  weathering  of 
a  surficial  sandy  clay-shale  that  is  relatively  resistant  to  erosion.  Active  geomorphic 
(land  modifying)  processes  appear  to  be  restricted  to  the  slow  weathering  of  the 
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Figure  4.  Generalized  geologic  section,  Fort  Carson,  Colorado  (after  Leonard  1984) 


Figure  5.  Location  of  the  Seabee  site,  Fort  Carson,  Colorado  (Mount  Big  Chief 
1:50,000  DMA  quadrangle) 


Figure  6.  Photograph  of  the  Seabee  site,  Fort  Carson,  Colorado 


Pierre  Shale  with  almost  no  deposition  or  surface  soil  erosion. 


Weathering  of  the  Pierre  Shale  at  the  Seabee  site  has  produced  a  sandy  clay  soil 
(CL)  which  is  fairly  homogeneous  both  horizontally  and  vertically  (up  to  one  meter 
in  depth)  over  the  site  (Table  2).  Samples  taken  at  several  locations  at  depths  of  0, 
0.5,  and  1.0  meters  are  consistently  classified  as  a  “CL”  (clay,  liquid  limit  <  50)  by 
the  Unified  Soil  Classification  System  (USCS)  and  a  “silt-loam”  (silt,  with 
significant  sand  and  clay)  by  the  USDA  soil  classification  system  (Table  3).  Field 
observations  of  the  soil  reveal  that  it  is  generally  dense,  dark  grayish  brown,  moist 
to  slightly  moist  (Table  4),  and  exhibits  granular  to  subangular  blocky  to  prismatic 
soil  structure  with  depth.  Stratigraphic  units  deeper  than  one  meter  were  not 
sampled,  so  the  actual  thickness  of  the  soil  weathered  from  the  underlying  Pierre 
Shale  is  not  known.  Previous  geologic  (Leonard  1984;  Jenkins  1964)  and  soil 
investigations  (Soil  Conservation  Service  1981)  state  that  residual  soils  developed 
in  the  Pierre  Shale  typically  are  0.75  to  1.22  m  deep  above  fractured  sandy  clay 
shale.  The  material  beneath  the  weathered  zone  is  usually  a  dark  gray  to  blue  sandy 
shale  with  calcareous  concretions.  Limestone  “cores”  on  the  order  of  15  m  in 
diameter  occur  in  the  uppermost  part  of  the  Pierre  Shale.  When  the  sandy  shale 
around  the  cores  erodes,  small  conical  hills  called  “tepee  buttes”  are  formed.  There 
are  no  tepee  buttes  in  the  vicinity  of  the  Seabee  site,  but  there  may  be  large 
limestone  inclusions  and  concretions  at  depth  in  the  Pierre  Shale  or  overlying 
sediments  that  might  give  anomalous  geophysical  signatures.  The  thickness  of  the 
Pierre  Shale  at  the  Seabee  site  is  approximately  830  m  (Jenkins  1964). 

Surface  water  drainage  of  the  Seabee  site  is  moderate  to  good  where  the  surface 
slope  is  sufiBcient  to  provide  expedient  runoff.  The  permeability  of  the  clayey  soil  is 
predictably  very  low  and  soil  moisture  drainage  occurs  primarily  along 
discontinuities.  The  water  table  is  probably  greater  than  15  m  below  the  ground 
surface  throughout  the  year. 

Turkey  Creek  site  description 

The  Turkey  Creek  site  is  about  13  kilometers  southwest  of  the  Seabee  site  on 
the  western  boundary  of  Fort  Carson  (Figures  7  and  8).  The  site  is  situated  on  the 
foot  slopes  of  Mount  Pittsburg  of  the  Rampart  Range  which  rises  550  m  above  the 
site.  The  foot  slope  is  formed  in  the  Pennsylvanian  Fountain  Formation  which  is 
sharply  upturned  to  the  west  by  the  rising  of  the  Rampart  Range  (Figure  4).  The 
site  is  located  in  the  SWl/4,  SWl/4,  NWl/4,  Section  34,  Range  67  west.  Township 
16  south  (map  coordinate  102739  on  the  Mount  Big  Chief  1:50,000  DMA 
quadrangle).  The  average  elevation  of  the  site  is  approximately  1950  m  M.S.L. 
(from  the  Mount  Pittsburg  1:24,000  USGS  7.5  minute  quadrangle).  Smface 
topographic  features  are  minimal. 

Landscape  evolution  at  the  Turkey  Creek  site  appears  to  be  the  product  of  long 
term  weathering  of  the  underlying  Fountain  sandstone  interrupted  by  occasional 
small  landslides  and  earth  flows.  The  scattered  gravels  that  were  found  in  the  soil 
samples  (Table  5)  are  most  likely  the  result  of  down  slope  movement  of  colluvium 
from  Mount  Pittsburg.  Steeper  surface  slopes  at  the  site  have  also  undoubtedly 
resulted  in  soil  erosion  as  a  product  of  agricultural  disturbance  of  the  soil  during  the 
historic  period. 
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Table  3 

USDA  Soil  Classification,  Seabee  Site,  Fort  Carson,  CO 

Location 

Depth  (m) 

Texture 

Munsell  Color 

Chroma 

&Hue 

27.5E.  73N 

Upper  1 0  cm 

sitt  loam 

dark  grayish 
brown 

2.5Y4/2 

40E.  23N 

Upper  10  cm 

silt  loam 

dark  grayish 
brown 

2.5Y4/2 

52.5E,  85.5N 

Upper  10  cm 

silty  clay  loam 

dark  grayish 
brown 

2.5Y4/2 

65E.  10.5N 

Upper  10  cm 

siKy  clay  loam,  a  few 
pebbles  1-2  cm  diameter. 

dark  grayish 
brown 

2,5YR 

4/2 

77.5E.  60.5N 

Upper  10  cm 

silty  clay  loam 

dark  grayish 
brown 

2.5Y4/2 

Table  4 

Soil  Sample  Moisture  Contents,  Seabee  Site, 
Fort  Carson,  CO 


Location 


Depth  (m) 

8E,  17N 
(Red  6) 

27.5E,73N 
(Reg.  1-1) 

65E,  10.5N 
(Reg.  4-1) 

122E,  8N 

123E, 97N 

0 

15.5 

23.1 

24.5 

19.9 

15.8 

0.5 

18 

17.8 

19.4 

22.2 

18.7 

1 

17.1 

16 

17.9 

20.6 

18.1 

Unlike  the  homogeneous  soils  of  the  Seabee  Site,  the  variation  in  thickness  and 
lateral  continuity  of  the  soil  texture  at  the  Turkey  Creek  site  is  significant.  This 
variability  is  due  to  the  relatively  high  permeability  and  local  heterogeneity  of  the 
underlying  parent  material,  and  the  contribution  of  sediment  to  the  site  from  up 
slope.  Samples  taken  at  several  locations  at  depths  of  0, 0.5,  and  1.0  meters  classify 
as  a  “CL”  (clay,  low  liquid  limits)  or  “SC”  (sanfy  clay)  by  the  USCS  (Table  5)  and 
a  sandy  loam  or  sandy  clay  loam  in  the  USDA  soil  classification  system  (Table  6). 
Examination  of  the  soil  on  the  site  reveal  that  it  is  primarily  fiiable,  reddish  brown, 
slightly  moist  to  dry  (Table  7),  and  exhibits  granular  to  subangxilar  blocky  soil 
structure  with  depth. 

Like  the  Seabee  site,  stratigraphic  units  of  the  Turkey  Creek  site  deeper  than  one 
meter  were  not  sampled,  so  the  actual  thickness  of  the  soil  weathered  from  the 
underlying  Fountain  Formation  is  not  known.  Previous  soil  investigations  (SCS 
198 1)  in  the  immediate  vicinity  of  the  site  show  residual  soils  developed  in  the 
Fountain  Formation  in  a  similar  landscape  position  are  typically  highly  variable  in 
thickness,  ranging  from  0.25  to  1.50  m.  The  material  beneath  the  weathered  (soil) 
zone  is  usually  a  red  arkosic  medium  to  coarse  grained  moderately  indurated 
sandstone  and/or  conglomerate  (McLaughlin  1947).  The  total  thickness  of  the 
Fountain  Formation  beneath  the  Turkey  Creek  site  is  probably  in  excess  of  600  m. 

Surface  water  drainage  of  the  Turkey  Creek  site  is  good  to  very  good.  The 
permeability  of  the  sandy  soil  is  moderate  to  high  except  in  the  areas  where  the 
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Figure  7.  Location  of  the  Turkey  Creek  site,  Fort  Carson,  Colorado  (Mount  Big 
Chief  1 :50,000  DMA  quadrangle) 


Figure  8.  Photograph  of  the  Turkey  Creek  site,  Fort  Carson,  Colorado 


Table  5 

Summatv  of  Sieve  Analysis,  Turkey  Creek,  Fort  Carson,  CO 


Table  6 

USDA  Soil  Classification,  Turkey  Creek,  Fort  Carson,  CO 

Location 

Depth  (m) 

Texture 

Munsell  Color 

Chroma 
&  Hue 

27.5E,  73N 

upper  10  cm 

sandy  loam 

dark  reddish 
brown 

SYR  3/4 

40E.  23N 

upper  10  cm 

sandy  loam,  1  pebble  -1 
cm  diameter 

reddish  brown 

SYR  4/4 

52.5E,  85.5N 

upper  10  cm 

sandy  clay  loam 

reddish  brown 

SYR  4/4 

65E,  10.5N 

upper  10  cm 

sandy  loam,  a  few  pebbles 
1-2  cm  diameter 

reddish  brown 

SYR  4/4 

77.5E.  60.5N 

upper  10  cm 

sandy  loam 

reddish  brown 

SYR  4/4 

Table  7 

Soil  Sample  Moisture  Contents,  Turkey  Creek, 

Fort  Carson,  CO 

Depth  (m) 

Location  || 

8E,  17N 
(Red  6) 

27.5E,r3N 
(Reg.  1-1) 

6SE,  10.SN 
(Reg.  4-1) 

122E,  8N 

123E,  97N 

0 

9.9 

14.4 

9 

9.4 

11.6 

o.s 

16.7 

17.4 

16 

18.2 

16.6 

1 

12.4 

12.3 

12.5 

15.7 

6 

pedogenic  clay  units  occur  in  the  subsurface.  The  water  table  is  greater  than  15  m 
below  the  surface  throughout  most  of  the  year  but  small  localized  perched 
groundwater  lenses  may  occur  in  the  upper  6  m. 


Fort  A.  P.  Hill  Research  Sites 

General  description 

Fort  A.  P.  Hill  is  situated  on  the  Atlantic  Coastal  Plain  of  northeastern  Virginia. 
The  Atlantic  Coastal  Plain  was  formed  over  the  last  several  tens  of  millions  of  years 
by  the  relative  rise  and  fall  of  sea  level  and  the  subsequent  transgression  and 
regression  of  the  Atlantic  Ocean  over  the  shelf  of  eastern  Virginia.  Unlike  the  rocky 
and  steep  ridges  and  valleys  of  central  and  western  Virginia,  the  topography  of  the 
coastal  plain  may  be  described  as  undulating  low  hills  separated  by  the  floodplains 
of  low  gradient  streams.  The  Atlantic  Coastal  Plain  is  dissected  by  several  large 
rivers,  one  of  which,  the  Rappahannock,  is  only  5.5  km  north  of  the  research  sites. 
The  Rappahannock  flows  into  Chesapeake  Bay  approximately  100  km  southeast  of 
the  research  sites.  Tidal  influences  on  the  Rappahannock  extend  upstream  past  the 
research  sites. 

The  landscape  of  Fort  A.  P.  Hill  is  relatively  homogeneous,  consisting  primarily 
of  low  hills  separated  by  small  stream  vall^s  (Figure  9).  Hill  crest  elevations 
generally  decrease  from  west  to  east,  from  a  maximum  of  about  70  meters  in  the 
northeastern  periphery  to  approximately  55  meters  on  the  southeastern  boundary. 
The  generally  sandy  nature  of  surficial  soils  offer  little  resistance  to  erosion,  a 
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Figure  9.  Location  of  the  Firing  Points  20  and  22  sites,  Fort  A.P.  Hill,  Virginia 
(Port  Royal,  VA,  1:50,000  DMA  quadrangle) 


process  whose  effectiveness  is  hindered  only  by  the  somewhat  rapid  rate  of 
infiltration  of  the  sandy  soils. 

Marine  transgressions  (sea  level  rise)  across  the  Atlantic  Coastal  Plain  have 
planed  off  the  underlying  bedrock  to  substantial  depth,  in  excess  of  120  meters  at 
the  research  sites.  Subsequent  sea  level  fall  and  marine  regressions  have  deposited 
weakly  indurated  sediments  of  sand,  silt,  clay,  and  marl  on  the  coastal  plain  shelf  in 
strata  which  generally  thicken  eastward  (Figure  10).  During  low  stands  of  sea  level, 
the  Atlantic  Coastal  Plain  sediments  have  been  reworked,  eroded  and  transported  by 
streams.  The  larger  streams  flowing  out  of  the  Appalachian  Mountains  (such  as  the 
Rappahannock)  have  added  sand  and  gravel  of  a  variety  of  rock  types  to  the  strata 
of  the  coastal  plain.  The  surficial  sandy  strata  covering  much  of  Fort  A.  P.  Hill  were 
deposited  by  streams  (most  likely  the  ancestral  Rappahannock  River)  during  the 
Pleistocene  Epoch  (last  2  million  years)  (Wentworth  1930).  In  lower  elevations  near 
the  northern  boundary  of  Fort  A.  P.  Hill,  the  underlying  Calvert  Formation  clays  of 
Miocene  age  and  the  Nanjemoy  Formation  glauconitic  sands  and  clays  (Upper 
Eocene)  may  be  seen  at  or  near  the  surface  (Ward  1985). 

Soils  of  Fort  A.  P.  Hill  are  considerably  more  homogeneous  and  predictable  than 
the  soils  of  Fort  Carson.  Most  of  the  hill  crests  and  side  slopes  have  deep, 
moderately  weathered  sandy  soils  derived  from  the  sandy  terrace  deposits.  Clay 
strata  that  occur  in  the  san^  soils  are  of  two  origins.  The  clay^  sandy  soils  near 
the  surface  are  the  product  of  pedogenesis  (weathering)  and  may  vary  in  thickness 
from  1  to  3  meters.  These  clayey  soils  somewhat  impede  infiltration  and  movement 
of  soil  moisture  after  precipitation  events.  Additional  clay  strata  deposited  by  the 
stream  that  deposited  the  sands  and  gravels  of  the  former  floodplain  may  be  found 
in  the  upper  half  of  the  terrace  deposits  of  the  uplands.  These  two  different  clay^ 
strata  may  be  differentiated  on  the  basis  of  the  nature  of  their  boimdaries  with  over 
and  underlying  soil  strata.  The  upper  pedogenic  clays  have  gradational  boundaries 
with  underlying  soils  whereas  the  alluvial  clay  strata  have  sharp  boundaries, 
indicating  significant  changes  in  the  depositional  environs. 

The  climate  of  Fort  A.  P.  Hill  is  humid/temperate.  Average  annual  precipitation 
is  1015  mm  with  August  usually  being  the  wettest  month  (mean  August 
precipitation  is  122  mm)  and  February  the  driest  month  (mean  February 
precipitation  is  64  mm).  On  the  average,  the  Fort  A.  P.  Hill  area  experiences  135 
days  per  year  Avith  measurable  precipitation  and  5  days  per  year  with  25  mm  or 
more  snowfall.  Annual  average  evaporation  is  approximately  1120  mm.  July  is  the 
warmest  month  with  a  mean  temperature  of  3 1 .7  degrees  Celcius.  The  coldest 
month  is  usually  January,  averaging  7.8  degrees  Celcius.  Typically,  the  temperature 
drops  below  freezing  about  75  days  during  the  year.  Diurnal  changes  in 
temperatures  are  maximum  in  the  fall  and  spring  months  and  may  reach  18  degrees. 
The  Fort  A.  P.  Hill  area  is  not  as  sunny  as  the  Fort  Carson  area,  averaging  about 
2500  hours  of  sunshine  per  year.  July  is  the  sunniest  month  (280  hours)  and 
January  the  cloudiest,  averaging  140  hours  of  sunshine. 

Firing  Points  20  and  22  site  description 

The  research  sites  at  Fort  A.  P.  Hill  were  established  at  the  locations  of  Firing 
Points  (FP)  20  (Figure  11)  and  22  (Figure  12),  at  grid  locations  092203  and 
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Figure  10.  Generalized  geologic  section,  Virginia  Coastal  Plain  and  Fort  A.  P.  Hill  (after  Baker  1979) 


Figure  11.  Photograph  of  the  Firing  Point  20  site,  FortA.P.  Hill,  Virginia 


088203,  respectively,  on  the  Port  Royal,  VA,  1 :50,000  DMA  quadrangle.  Since  the 
two  sites  are  in  close  proximity  (about  400  meters  apart)  and  essentially  in  the  same 
landscape  position,  the  sites  will  be  discussed  as  one  site,  with  the  exception  of 
differences  in  soils. 

The  two  Fort  A.  P.  Hill  sites  occur  on  the  crest  of  an  east-west  trending  low 
rounded  ridge  (Figure  13).  The  average  elevation  of  the  site  is  approximately  58 
meters  M.S.L.  (from  the  1:50,000  Port  Royal  quadrangle).  Surface  topographic 
features  are  minimal  with  the  total  amount  of  topographic  relief  on  the  sites  being 
less  than  one  meter.  The  ridge  crest  that  the  sites  occupy  appears  to  be  the  product 
of  erosion  of  the  Pleistocene  terrace  deposits  by  surface  wash  and  the  extension  of 
the  drainage  network  of  Portabago  Creek  and  its  tributaries  around  the  ridge.  Active 
geomorphic  processes  include  the  continuation  of  erosion  of  the  ridge  and 
weathering  of  the  underlying  terrace  sediments. 

Rapid  weathering  of  the  sandy  deposits  at  the  sites  has  produced  a  sandy  clay 
soil  (CL)  which  appears  to  be  somewhat  homogeneous  in  horizontal  extent  over 
both  sites  on  the  ridge  crest  (Tables  8-11).  Almost  all  samples  taken  at  22  locations 
on  both  sites  were  classified  as  sandy  clay  (CL)  or  clayey  sand  (SC).  The  soils  at 
FP20  are  slightly  sandier  than  those  at  FP22  with  an  average  of  55.7  percent  and 
5 1.4  percent  sand,  respectively.  A  trace  of  gravel  was  foimd  on  both  sites.  All 
Plasticity  Indices  (PI),  Liquid  Limits  (LL)  and  Plastic  Limits  (PL)  were  low.  The 
amount  of  sand  versus  fines  (silt  and  clay)  generally  appears  to  increase  with  depth, 
which  suggests  that  the  sandy  soils  are  not  deeply  weathered  and  that  the  clays 
found  at  depth  will  be  alluvial,  have  sharp  contacts,  and  possibly  be  laterally 
discontinuous.  Field  observations  of  the  soils  from  these  two  sites  reveal  that  they 
are  generally  dense,  brown  to  gray,  and  moist  (Tables  12  and  13). 

Although  no  specific  deep  stratigraphic  information  exists  for  the  sites,  the 
imconsolidated  sedimentary  deposits  beneath  the  site  probably  extend  for  more  than 
120  meters  in  depth  (Baker  1979).  These  terrace  deposits  likely  consist  of 
interbedded  fluvial  (cross  bedded)  sands,  silts,  and  gravels  with  some  clay  lenses. 
The  amount  of  gravel  and  size  of  sand  grains  increases  with  depth  while  the 
occurrence  of  clay  strata  diminishes.  The  base  of  the  terrace  deposits  is  clearly 
defined  as  a  sandy  gravel  overlying  the  dense  massive  clay  of  the  Calvert  Formation 
(Onuschak  1973;  Mixon  and  Newell  1978). 

Surface  water  drainage  of  the  two  sites  is  good  to  excellent.  Overland  flow  is 
easily  achieved  by  the  existing  natural  drainage  network  on  the  land  surface.  The 
permeability  of  the  soil  is  somewhat  lower  in  the  upper  three  meters,  but  increases 
rapidly  below  the  weathered  zone.  The  water  table  is  probably  greater 
than  10  to  30  meters  below  the  surface  throughout  the  year  but  may  fluctuate 
significantly  by  season. 
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Figure  13.  Topography  of  the  Firing  Points  20  and  22  sites,  Fort  A.P.  Hill, 
Virginia  (Port  Royal,  VA,  1:50,000  DMA  quadrangle) 


Table  8 

Summary  of  Sieve  Analysis,  Firing  Point  20,  Fort  A.  P.  Hill,  VA 
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Table  9 

USDA  Soil  Classification,  Firing  Point  20,  Fort  A.  P.  Hill,  VA 

Location 

Depth  (m) 

Texture 

Munsell  Color 

Chroma 

&Hue 

27,5E,  73N 

upper  10  cm 

Sandy  loam 

dark  grayish 
brown 

2.5Y4/2 

40E,23N 

upper  10  cm 

Loam 

light  olive  brown 

2.5Y5/4 

52.5E.  85.5N 

upper  10  cm 

Sandy  loam 

olive  brown 

2.5Y4/4 

65E.  10.5N 

upper  10  cm 

Loam 

olive  brown 

2.5Y4/4 

77.5E,  60.5N 

upper  10  cm 

Loam 

olive  brown 

2.5Y4/4 

JPG  1-Ha  Site 

Jefferson  Proving  Ground  is  located  within  a  humid/temperate  climatic  regime. 
The  total  annual  precipitation  averages  102  cm,  of  which  60  percent  usually  falls  in 
April  through  September.  The  wettest  month  is  usually  May,  averaging  12  cm,  and 
the  driest  month  October,  averaging  6  cm.  The  average  seasonal  snowfall  is  43  cm, 
with  the  majority  usually  falling  in  January  (average  1 1  cm).  In  summer  the  average 
temperature  is  22  degrees  Celcius  with  sunshine  about  70  percent  of  the  time.  An 
average  temperature  during  the  winter  months  is  -0.6  degrees  with  about  40  percent 
of  the  days  having  sunshine.  Generally,  the  coldest  month  is  January  (average  -1.9 
degrees  Celcius)  and  the  wannest  month  July  (average  23  degrees  Celcius). 

The  following  soil  and  regional  geologic  information  was  taken  from  JPG 
Demonstration  Site  reports  (PRC  Environmental  Management,  Inc.  1994, 1996). 
JPG  is  located  in  the  Muscatatuck  Regional  Slope  physiographic  umt  of  southeastern 
Indiana,  where  the  development  of  modem  surface  features  have  been  controlled  by 
normal  degradational  processes  such  as  weathering,  stream  erosion,  entrenchment, 
and  mass  movement  (Schneider  1966).  This  physiographic  unit  lies  within  the 
Glaciated  Outer  Bluegrass  section  of  the  interior  Low  Plateau  Province  (Fenneman 
1938  and  Ray  1974).  Although  a  northern  portion  of  the  Muscatatuck  Regional 
Slope  was  glaciated  during  the  Wisconsin  Age,  the  entire  unit  was  covered  by  glacial 
ice  in  the  early  Pleistocene  Epoch.  Stream  vall^s  are  typically  steep-sided  because 
channels  have  developed  through  relatively  thin,  unconsolidated  deposits  and 
subsequently  cut  into  the  upper  portions  of  underl3Tng  limestones  and  dolomites. 
Upland  areas  between  drainages  are  typically  broad  and  nearly  flat  to  undulating. 

The  upland  flat  JPG  is  located  in  functions  as  a  local  drainage  divide  between  the 
Lower  Ohio  and  Muscatatuck  watersheds  (both  of  which  are  in  the  Ohio  River 
drainage  basin).  The  1 -hectare  site  is  located  along  the  upper  reaches  of  Big  Creek 
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Table  11 

USDA  Soil  Classification,  Firing  Point  22,  Fort  A.  P.  Hill,  VA 

Location 

Depth  (m) 

Texture 

Munsell  Color 

Chroma 

&Hue 

27.5E,  73N 

Upper  10  cm 

sandy  clay  loam 

Light  olive  brown 

2.5Y5/4 

40E,  23N 

Upper  10  cm 

sandy  loam 

Olive  brown 

2.5Y4/4 

52.5E.  85.5N 

Upper  10  cm 

sandy  clay  loam 

Light  olive  brown 

2.5Y5/4 

65E,  10.5N 

Upper  1 0  cm 

sandy  clay  loam 

Olive  brown 

2.5Y4/4 

77.5E,  60.5N 

Upper  1 0  cm 

sandy  clay  loam 

Dark  grayish 
brown 

2.5Y4/2 

Table  12 

Soil  Sample  Moisture  Contents,  Firing  Point  20, 
Fort  A.  P.  Hill,  VA 


Location 


Depth  (m) 

OE,  $0N 

27.5E,  73N 
(Reg.  1-1) 

65E,  10.SN 
(Reg.  4-1) 

122E,  8N 

123E,  97N 

0 

12.3 

15.8 

13.1 

13.4 

16.1 

0,5 

10.1 

19.3 

16 

15.8 

13.2 

1 

11.7 

7.2 

13.1 

19.4 

9.9 

Table  13 

Soil  Sample  Moisture  Contents,  Firing  Point  22, 

Fort  A.  P.  Hill,  VA 

Depth  (m) 

1  Location  || 

2E,  60N 

27.5E,  73N 
(Reg.  1-1) 

65E,  10.5N 
(Reg.  4-1) 

122E,  8N 

123E,  97N 

0 

14.4 

26.3 

17.1 

9.8 

14.5 

0.5 

18.6 

24.5 

15 

14.6 

13.8 

1 

18.2 

21.8 

14 

16.3 

15 
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(also  known  as  Big  Camp  Creek)  and  drains  west  into  the  creek. 

Bedrock  underlying  JPG  is  Laurel  Dolomite,  a  Silurian-aged  dolomite 
approximately  14  meters  thick.  The  Laurel  Dolomite  is  described  as  gray,  cherty, 
dolomitic  limestone.  The  residuum  of  this  dolomitic  limestone  is  rich  in  chert 
nodules,  which  are  abundant  in  the  subsoils  that  formed  on  this  bedrock.  Below  the 
Laurel  Dolomite  are  91  to  122  meters  of  interbedded  shales  and  limestone  of  the 
Silurian  and  Ordovician  Systems. 

The  soils  in  this  area  are  mapped  by  the  U.S.  Department  of  Agricultue  (USDA) 
Soil  Conservation  Service  (SCS)  as  Avonburg  and  Rossmoyne  silt  loam  soils. 
General  characteristics  of  each  soil  are  discussed  below. 

The  Avonburg  soils  occur  on  uplands  of  glacial  drift  plains  and  have  either 
gently  sloping  or  nearly  level  topographic  features.  The  soils  were  formed  from  a 
thin  mantle  of  loess  (wind  transported  silt)  and  underlying  glacial  drift.  Avonburg 
soils  have  a  dark  grayish-brown  color  within  the  25.4  cm  (10  in.)  epipedon. 
Avonburg  subsoils  are  friable  and  mottled.  The  upper  subsoil  horizon  generally 
consists  of  a  yellowish-brown  silt  loam  and  light  brownish-gray  silty  clay  loam 
appearance.  The  middle  subsoil  horizon  is  generally  mottled  light  brownish-gray 
fragipan  (loamy,  brittle,  low  porosity,  low  organic  content,  appears  cemented).  The 
lower  subsoil  horizon  is  generally  mottled,  brownish-gray  in  color,  friable  and 
consists  of  a  silt  loam  texture.  Drainage  is  poor,  as  Avonsburg  soils  have  slow 
permeability. 

The  Rossmoyne  silt  loam  forms  on  2  to  6  percent  slopes.  It  is  deep,  moderately 
well  drained  soil  found  on  uplands.  A  22.9  cm  (9  in.)  thick  brown  silt  loam  makes 
up  the  surface  layer.  The  subsurface  of  the  Rossmoyne  soil  extends  to  a  depth  of 
7 1 . 1  cm  (28  in.)  and  consists  of  a  light  brownish-yellow,  friable  silt  loam  in  the 
upper  horizon  and  a  friable,  mottled,  yellowish-brown  silt  loam  in  the  lower  horizon. 
Below  this  horizon  there  is  an  203  cm  (80  in.)  thick  fragipan.  It  is  a  very  firm 
mottled  light  gray  silt  loam  and  silty  clay  loam. 

A  summary  of  the  soil  properties  determined  from  laboratory  analysis  of  the 
soil  samples  collected  at  the  1-hectare  site  is  provided  in  Table  14.  The  USCS 
classification  of  the  soil  at  10  cm  depth  is  silt  with  clay  and/or  sand.  The  soil 
samples  collected  at  0.5  and  1  m  depth  are  identified  as  sandy  or  silty  clay.  None  of 
the  soil  samples  contain  gravel-size  particles.  All  samples  contain  at  least  40 
percent  fines  (silt  and  clay  size),  with  12  of  the  15  samples  having  greater  than  75 
percent  fines.  The  soil  moisture  content  generally  ranges  from  20  to  36  percent,  the 
exceptions  being  the  samples  collected  at  (122E,  8N)  (moisture  content  13-18%) 
and  (123E,  97N),  1  m  depth,  (moisture  content  18.6%).  Although  the  upper  one 
meter  of  soil  has  a  relatively  high  percentage  of  clay  size  particles,  an  x-ray 
diffraction  analysis  of  soil  samples  collected  at  the  nearby  40-  and  80-  acre  sites 
(Llopis  et  al.  1998)  indicates  that  the  soil  has  only  a  small  fraction  of  mineralogical 
clay  material.  The  soil  is  very  fine  grained  and  has  cohesion,  particularly  when  wet. 
If  the  plasticity  index  and  liquid  limit  given  in  Table  14  were  plotted  on  the  chart  in 
Table  1,  the  points  would  lie  close  to  the  A  Line,  which  is  the  boundary  between 
clays  and  silts. 
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Table  14 

Summary  of  Sieve  Analysis,  JPG  1 -Hectare  Site 


3  Geophysical  Test  Principles 
and  Field  Procedures 


This  section  details  the  site  characterization  plan,  concepts  of  the  geophysical 
methods  used,  and  field  procedures.  The  same  general  site  layout  and  surveying 
(spatial  and  geophysical)  procedures  were  followed  at  each  of  the  sites.  The  number 
of  flagged  internal  grid  lines  and  density  of  a  particular  geophysical  data  set 
(primarily  electrical  resistivity  soundings)  varied  among  sites  depending  on  local 
site  conditions.  Four  geophysical  methods  were  chosen  to  characterize  the  sites; 
electrical  resistivity,  electromagnetics,  magnetics,  and  ground  penetrating  radar. 
These  techniques  are  complimentary  and  provide  (a)  both  detailed  and  larger  scale 
subsurface  stratigraphy,  (b)  soil  resistivity  and  conductivity,  (c)  local  magnetic  total 
field  strength,  and  (d)  electromagnetic  wave  velocity  of  the  soil.  A  comparison  of 
the  conductivity  and  magnetic  data  allows  difiFerentiation  of  metallic  and  non- 
metallic  material,  and  ferrous  and  non-ferrous  objects. 

Geophysical  Test  Principles 

Electrical  resistivity  survey 

Electrical  resistivity  is  a  measure  of  how  well  the  soil  conducts  an  electrical 
current.  Resistivity  values  can  vary  over  several  orders  of  magnitude  depending  on 
the  type  of  earth  material  and  on  the  degree  of  compaction.  Major  factors 
influencing  the  resistivity  measurement  are  the  amount  of  pore  fluid  present,  the 
salinity  of  the  pore  fluid,  and  the  presence  of  conductive  minerals;  an  increase  in  any 
of  these  factors  will  cause  the  resistivity  to  decrease.  A  linear  array  of  four  metal 
rods  or  electrodes  is  generally  used  in  an  electrical  resistivity  survey.  The  array 
consists  of  two  outer  current  electrodes  and  two  inner  potential  electrodes  (see 
following  illustration).  Current  is  introduced  into  the  ground  through  one  current 
electrode  (positive  electrode)  and  flows  through  the  subsurface  to  the  other  current 
electrode  (negative  electrode).  The  subsurface  material  acts  as  a  natural  resistor  and 
a  potential  difference  is  generated  across  the  two  potential  electrodes.  Knowing  the 
amount  of  current  injected  into  the  ground,  the  electrode  separation,  and  the 
measured  potential  difference,  an  apparent  resistivity  can  be  computed. 

There  are  two  types  of  resistivity  survtys,  horizontal  profiling  and  vertical 
sounding.  The  profiling  technique  is  used  to  identify  lateral  variations  at  a  given 
depth  of  investigation,  whereas  the  sounding  method  gives  variations  in  resistivity 
with  depth  at  a  particular  location.  Resistivity  sounding  employing  a  Schlumberger 
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array  was  used  in  this  stucfy.  When  performing  a  sounding,  the  center  of  the 
electrode  array  remains  fixed  and  measurements  are  taken  at  increasing  current 
electrode  spacings;  the  greater  the  current  electrode  spacing,  the  greater  the  depth  of 
investigation.  The  sounding  data  represent  the  subsurface  resistivity  structure 
below  the  center  point  of  the  array.  A  general  rule  of  thumb  is  that  the  depth  of 
investigation  is  equal  to  0.2-0.5  times  the  spacing  between  current  electrodes, 
depending  on  the  actual  values  of  the  material  resistivities.  The  unit  of  electrical 
resistivity  is  the  ohm-meter  (f2-m).  Resistivity  is  the  reciprocal  of  electrical 
conductivity,  which  is  measured  in  an  electromagnetic  survty.  To  convert  from 
resistivity,  in  ohm-meters,  to  conductivity,  in  millisiemen  per  meter,  divide  1000  by 
the  resistivity  value.  The  apparent  resistivity  data  are  plotted  versus  electrode 
spacing  on  logarithmic  paper.  The  number  of  subsurface  layers  present  and  the 
resistivity  and  thickness  of  each  layer  can  be  estimated  fi'om  the  shape  of  the 
resistivity  sounding  curve.  A  resistivity  inversion  computer  program  was  used  to 
aid  in  the  interpretation  of  the  data. 

Electromagnetic  survey 

The  electromagnetic  (EM)  induction  method  is  commonly  used  to  measure  an 
apparent  terrain  conductivity.  The  conductivity  of  a  material  is  dependent  on  the 
degree  of  water  saturation,  die  types  of  ions  in  solution,  porosity,  the  chemical 
constituents  of  the  soil,  and  the  physical  nature  of  the  soil.  E>ue  to  these  factors, 
conductivity  values  can  range  over  several  orders  of  magnitude. 

The  EM  system  consists  of  a  transmitter  and  receiver  coil  separated  by  a  fixed 
distance.  An  alternating  current,  commonly  in  the  1  to  20  kilohertz  range,  is  passed 
through  the  transmitter  coil,  thus  generating  a  primary  time  varying  magnetic  field. 
This  primary  field  induces  eddy  currents  in  the  subsurface  conductive  materials. 
(Where  the  common  phrase  EM  induction  is  derived.)  These  eddy  currents  are  the 
source  of  a  secondaiy  magnetic  field  which  is  detected  by  the  receiver  coil  along 
with  the  primary  field.  Under  a  fairly  wide  range  of  conditions,  the  measured 
component  that  is  ninety  degrees  out  of  phase  (quadrature  component)  with  the 
primary  field  is  linearly  related  to  the  terrain  conductivity  (Keller  and  Frischknecht 
1982,  Dobrin  1976,  Telford  et  al.  1973).  Conductivity  is  measured  in  units  of 
millisiemen  per  meter  (mS/m). 
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There  are  two  components  of  the  induced  magnetic  field  measured  by  the  EM 
equipment.  The  first  is  the  quadrature  phase  component,  sometimes  referred  to  as 
the  out-of-phase  or  imaginary  component,  which  gives  the  ground  conductivity 
measurement.  Disturbances  in  the  subsurface  caused  by  compaction,  soil  removal 
and  fill  activities,  or  buried  objects  may  produce  conductivity  readings  different 
fi-om  that  of  the  background  values,  thus  indicating  anomalous  areas.  Electrical 
conductivity  is  a  positive  valued  parameter.  However,  due  to  the  design  of  the 
instrument  used  in  this  survey  to  collect  conductivity  data,  it  is  possible  to  obtain  a 
negative  value  when  the  instrument  passes  over  a  metallic  object.  Although  a 
negative  conductivity  value  is  physically  meaningless,  it  does  aid  in  the  detection  of 
metallic  material.  The  second  component  is  the  inphase  or  real  component,  which  is 
the  ratio  of  the  induced  secondary  magnetic  field  to  the  primary  magnetic  field.  The 
inphase  component  is  primarily  used  for  calibration  purposes,  however,  it  is  also 
significantly  sensitive  to  metallic  objects  and  therefore  very  useful  when  looking  for 
buried  metal  (Geonics  Limited  1984).  The  inphase  component  is  measured  relative 
to  an  arbitrarily  set  level  and  assigned  units  of  parts  per  thousand  (ppt).  Since  it  has 
an  arbitrary  reference  level,  the  reading  can  be  either  a  positive  or  negative  value. 

A  Geonics  EM3 1  terrain  conductivity  meter  was  used  for  this  investigation. 

The  EM3 1  has  a  transmitter-receiver  coil  separation  of  12  ft  (3.7  m)  and  an 
effective  depth  of  investigation  of  approximately  20  ft  (6. 1  m)  (Geonics  Limited 
1984).  The  EM3 1  meter  reading  is  a  weighted  average  of  the  earth's  conductivity  as 
a  function  of  depth;  half  of  the  instrument's  readings  result  from  features  shallower 
than  about  9  ft  (2.7  m),  and  the  remaining  half  from  below  that  depth  (Bevan  1983). 
When  the  EM3 1  is  carried  at  a  height  of  approximately  3  ft  (0.9  m),  it  is  most 
sensitive  to  features  at  a  depth  of  about  1  ft  (0.3  m).  Canying  the  instrument  about 
3  ft  (0.9  m)  above  the  ground  surface  reduces  the  meter  reading  by  12  percent, 
however,  the  instrument  has  been  calibrated  to  read  correctly  when  carried  at  this 
height  (Geonics  Limited  1984).  For  this  survey,  the  EM3 1  was  carried  at  hip  level, 
which  is  approximately  3  ft  (0.9  m).  The  instrument  can  be  operated  in  both  a 
horizontal  and  vertical  dipole  orientation,  each  having  different  depths  of 
investigation.  The  instrument  is  normally  operated  with  the  dipoles  vertically 
oriented  (coils  oriented  horizontally  and  co-planar)  which  gives  the  maximum  depth 
of  penetration. 

Ground  penetrating  radar  survey 

Ground  penetrating  radar  (GPR)  is  also  an  electromagnetic  method,  however  it 
differs  significantly  from  the  induction  EM  methods  described  above  and  warrants  a 
separate  discussion.  At  the  lower  frequencies  (kilohertz  range)  where  EM  induction 
instruments  operate,  conduction  currents  (currents  which  flow  via  electrons  in  a 
metallic  matrix  or  ions  in  solution)  dominate  and  energy  difiiises  into  the  ground. 

At  the  higher  frequencies  (megahertz  range)  which  GPR  utilizes,  displacement 
currents  (currents  associated  with  charges  which  are  constrained  from  moving  any 
distance)  dominate  and  EM  energy  propagates  into  the  ground  as  a  wave. 

GPR  is  used  to  image  the  subsurface  by  transmitting  an  electromagnetic  pulse 
into  the  earth  and  measuring  the  return  signal.  While  in  the  earth,  the  EM  signal 
undergoes  refraction,  reflection,  scattering,  and  dispersion.  The  frequencies 
employed  in  GPR  typically  range  from  10  to  1000  MHz.  Contrast  in  the  dielectric 
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permittivity  at  layer  boundaries  causes  the  EM  wave  to  be  reflected  and  refracted. 

The  dielectric  permittivity  is  the  proportionality  factor  relating  the  displacement 
current  to  the  energy.  Since  electromagnetic  fields  consist  of  both  electric  and 
magnetic  fields,  any  properties  of  the  geologic  material  which  affect  either  of  these 
fields  will  also  affect  the  propagation  of  the  EM  wave  in  the  subsurface.  Generally, 
the  electrical  properties  of  the  soil  and  rock  have  a  greater  influence  on  the  EM  wave 
propagation  fiian  do  the  magnetic  properties.  Soil  conductivity  is  a  major  factor  in 
determining  if  GPR  can  be  used  successfully  at  a  site.  High  conductivity  soils,  such 
as  those  with  a  high  clay  and  moisture  content,  can  significantly  attenuate  the  EM 
signal  and  frequently  render  GPR  virtually  useless. 

A  Sensors  &  Software,  Inc.  modified  pulseEKKO  fV  system  and  a  pulseEKKO 
1000  system  were  used  to  collect  the  GPR  data.  The  pulseEKKO  IV  is  a  low 
frequency  antenna  system  (12.5—200  MHz)  whereas  the  pulseEKKO  1000  is  a  high 
frequency  antenna  system  (225-1200  MHz).  The  frequencies  utilized  in  this 
investigation  were  50, 100, 200,  and  900  MHz.  Both  reflection  profiling  and 
velocity  sounding  GPR  surveys  were  performed.  In  reflection  mode,  the  transmitter 
and  receiver  antennas  are  kept  a  fixed  distance  apart  and  both  antennas  are 
simultaneously  moved  along  the  survey  line.  The  time  (in  nanoseconds)  required  for 
the  EM  wave  to  travel  through  the  subsurface  and  return  to  the  receiver  is  recorded 
at  each  sample  station.  The  received  signal  is  plotted  against  two-way  travel  time  at 
each  sample  station  along  the  survey  line.  Figure  14  illustrates  the  reflection  mode 
concept  and  the  corresponding  GPR  response  for  the  hypothetical  anomaly  shown. 

The  common-midpoint  (CMP)  technique  was  used  to  perform  the  velocity  soiuiding. 

The  transmitter  and  receiver  antennas  were  initially  placed  a  given  distance  apart, 
and  then  moved  outward  from  the  center  at  small,  equal  increments.  By  plotting 
antenna  separation  versus  time,  the  various  EM  wavefronts  can  be  identified  and  an 
approximate  radar  wave  velocity  obtained. 

DiCON  probe 

The  following  information  describing  the  DICON  probe  was  extracted  from 
Miller  et  al.  (1992).  The  DICON  (DIelectric/CONductivity)  probe  provides  the 
capability  to  measure  the  conductivity  and  dielectric  constant  of  the  soil  at  a 
frequency  of  60  MHz.  Each  DICON  probe  unit  consists  of  two  separate  pieces  of 
equipment,  a  probe  assembly  and  a  reflectometer.  The  probe  head  consists  of  two 
half-cylindrical-shaped  brass  plates  attached  to  an  insulating  body  of 
polytetrafluoroethylene  (Teflon®),  with  a  small  gap  between  the  plates.  The  brass 
plates  on  the  probe  head  represent  two  capacitors;  one  internal  to  the  probe  with  the 
Teflon  as  the  dielectric  and  the  other  external  with  the  soil  as  the  dielectric.  The 
plates  behave  as  a  simple  capacitor  with  the  soil  in  their  immediate  vicinity  as  the 
dielectric  with  virtually  no  electromagnetic  radiation  outside  of  the  plates.  The 
reflectometer  houses  the  electronics  of  the  DICON  probe.  A  voltmeter  placed  on  the 
top  face  of  the  reflectometer  displays  the  real  (R)  and  imaginary  (I)  components  of 
the  complex  reflection  coefficient. 

After  following  a  standard  calibration  procedure,  soil  conductivity  and  relative 
dielectric  permittivity  measurements  are  obtained.  A  one-inch  diameter  hole  is 
angered  in  the  soil  and  the  probe  is  inserted  into  the  hole  to  the  desired  depth  and 
connected  to  the  reflectometer.  The  real  and  imaginary  components  of  the  complex 

Chapter  3  Geophysical  Test  Principles  and  Field  Procedures 


38 


Figure  14.  Illustration  of  a  reflection  mode  GPR  survey  and  corresponding 
radar  section  for  anomaly  shown  (adapted  from  Annan  1992) 


reflection  coefficient  displj^ed  on  the  voltmeter  are  then  input  to  a  program  that 
calculates  electrical  conductivity  and  relative  dielectric  permittivity. 

Magnetic  survey 

A  magnetic  survey  measures  changes  in  the  earth's  total  magnetic  field  caused 
by  variations  in  the  magnetic  mineral  content  of  near  surface  rocks  and  soils  or 
ferrous  objects.  These  variations  are  generally  local  in  extent.  The  magnetic 
response  is  attributed  both  to  induction  by  the  magnetizing  field  and  to  remanent 
magnetization.  Remanent  magnetization  is  permanent  magnetization  and  depends 
on  the  thermal  and  magnetic  history  of  the  body;  it  is  independent  of  the  field  in 
which  it  is  measured  (Breiner  1973).  Induced  magnetization  is  temporary 
magnetization  that  disappears  if  the  material  is  removed  fi'om  the  inducing  field. 
Generally,  the  induced  magnetization  is  parallel  with  and  proportional  to  the 
inducing  field  (Barrows  and  Rocchio  1990). 

A  GEM  GST-19T  proton  precession  magnetometer  with  an  accuracy  of 
1  nanotesla  (nT)  was  used  to  collect  the  magnetic  survey  data.  This  magnetometer 
is  equipped  with  a  sensor  that  contains  a  hydrogen-rich  fluid  as  a  source  for  the 
protons.  The  proton  precession  magnetometer  is  based  on  the  principle  that  protons 
will  process  fi'eely  in  the  presence  of  the  earth’s  magnetic  field.  The  hydrogen-rich 
fluid  is  subjected  to  an  external  magnetic  field  applied  in  a  direction  approximately 
perpendicular  to  the  earth's  field.  The  proton’s  moment  will  align  in  the  direction  of 
the  resultant  field  between  that  of  the  external  magnetic  field  and  earth  magnetic 
field.  When  the  external  field  is  removed,  the  magnetic  moment  of  the  proton  will 
process  about  the  earth’s  field  until  it  returns  to  its  original  alignment  with  the 
earth’s  magnetic  field.  The  proton  processes  at  an  angular  frequency  that  is 
proportional  to  the  magnetic  field.  Therefore,  by  measuring  the  fi-equency  at  which 
the  protons  process  the  strength  of  the  local  magnetic  field  can  be  determined. 

Any  material  or  object  having  a  magnetic  susceptibility  will  contribute  to  the 
total  magnetic  field  measured  by  the  magnetometer.  If  an  object  is  present  such  that 
its  magnetization  is  great  enough  to  perturb  the  ambient  magnetic  field,  then  it  will 
appear  as  an  anomaly  on  the  magnetic  data  plot.  The  size,  depth  of  burial,  magnetic 
susceptibility,  and  remanent  magnetization  of  the  object  determine  the  magnitude  of 
the  anomaly  and  thus  affect  the  ability  of  the  magnetometer  to  detect  the  object.  For 
a  given  susceptibility  and  remanent  magnetization,  as  the  size  of  the  object 
decreases  and  depth  of  burial  increases,  the  magnitude  of  the  anomaly  decreases; 
eventually  the  anomaly  will  be  undetectable. 


Field  Methods 


The  layout  of  the  survey  grid  and  data  acquisition  requirements  were  specified 
by  DARPA.  The  perimeter  of  each  grid  was  surveyed  at  5  m  intervals.  The  grids 
were  oriented  in  a  north-south  direction  relative  to  magnetic  north.  The  initial 
dimensions  of  the  grids  at  Fort  Carson  were  100  x  1 15  m  but  later  modified  to  125 
X  1 15  m  to  accommodate  changes  in  the  site  plan.  The  survey  grids  at  Fort  A.  R 
Hill  and  JPG  measure  125  x  100  m.  A  plastic  tent  stake  was  placed  at  each  5  m 
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position  along  the  grid  perimeter  and  mariced  with  a  PVC  flag.  Additional  PVC 
flags  were  placed  at  2  m  intervals  along  the  southern  and  northern  grid  boundaries 
to  aid  survey  navigation.  North-south  lines  spaced  20  m  apart  and  three  to  four 
east-west  lines  were  also  flagged  at  2  m  intervals.  The  southwest  comer  of  each 
grid  was  designated  as  station  (OE,  ON).  (For  reference  to  other  project  related 
reports,  the  125  x  100  m  grid  area  was  subdivided  into  three  sections:  two  side  bars 
(0-15E,  O-IOON),  (115-125E,  O-IOON)  and  a  center  square  (15-115E,  O-IOON)). 

Schlumberger  resistivity  soundings  were  performed  along  selected  survey  lines, 
which  included  both  north-south  and  east-west  oriented  lines.  Six  measurements 
per  logarithmic  decade  were  taken,  with  the  electrode  spacings  approximately 
equally  spaced  on  a  logarithmic  scale.  The  minimum  current  electrode  spacing  was 
1.0  m  and  the  maximum  spacing  was  120  m,  allowing  a  maximum  depth  of 
investigation  of  about  15  m.  The  specified  minimum  data  resolution  for  the  EM3 1 
was  2  m  spaced  survey  lines  and  1  m  measurement  intervals  along  survey  lines;  for 
the  magnetometer,  1  m  spaced  survey  lines  and  1  m  measurement  intervals.  The 
EM3 1  data  were  collected  at  0.5  second  (Fort  Carson  and  Fort  A.  P.  Hill)  or  1 
second  (JPG)  intervals  along  survey  lines  spaced  2  m  apart.  The  magnetometer 
sensor  was  mounted  on  a  backpack  worn  by  the  operator  and  positioned 
approximately  1.5  m  above  the  ground  surface.  These  data  were  collected  at  0.5 
second  intervals  but  along  1  m  spaced  grid  lines.  A  minimum  of  one  data  sample 
per  meter  along  siurey  lines  was  recorded  for  each  data  set.  Fiducial  markers  were 
placed  in  the  data  at  5  m  intervals  for  position  reference  while  collecting  the  data.  A 
data  logger  connected  to  the  EM3 1  was  used  to  store  the  data  during  the  surveys  and 
at  the  conclusion  of  each  survey,  data  were  transferred  to  a  field  computer  for  later 
analysis.  The  magnetometer  data  were  stored  internally  in  the  unit’s  control  console 
and  later  transferred  to  a  field  computer. 

Reflection  GPR  and  CMP  data  were  collected  along  both  north-south  and  east- 
west  oriented  profile  lines.  Nominal  antenna  fi'equencies  of  50, 100, 200,  and 
900  (Fort  Carson  and  Fort  A.  P.  Hill  only)  MHz  were  used.  For  the  reflection  GPR 
surveys,  the  transmitter  and  receiver  antennas  were  kept  at  a  constant  spacing  of 
2.0, 1.0, 0.5,  or  0.17  m,  respectively,  and  oriented  normal  to  the  survey  direction. 

The  data  were  collected  in  high  speed  data  acquisition  mode  at  sampling  intervals  of 
0.2  m  (50,  100  MHz),  0.1  m  (200  MHz),  and  0.02  m  (900  MHz).  The  data  were 
recorded  on  a  field  computer  for  later  processing.  When  performing  the  CMP 
surveys,  the  transmitter  and  receiver  antennas  were  initially  spaced  at  the  respective 
antenna  spacing  used  during  the  reflection  survey,  and  then  each  antenna  moved 
outward  by  a  distance  of  0. 1  m  (50,  100  MHz),  0.05  m  (200  MHz),  or  0.025  m 
(900  MHz).  An  average  EM  wave  velocity  of  the  medium  was  determined  based  on 
the  CMP  data. 

DICON  probe  measurements  were  taken  at  nine  stations  within  each  grid  and  at 
three  depths  at  each  station.  The  readings  were  taken  at  depths  of  0. 1,  0.3,  and 
0.5  m.  The  location  of  a  DICON  probe  measurement  generally  corresponded  to  the 
center  of  an  electrical  resistivity  survey  line  or  a  position  along  a  GPR  profile. 
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4  Geophysical  Results  and 
Interpretation 


Data  Presentation 

The  data  analyzed  include  electrical  resistivity  sounding  data,  electrical 
conductivity  and  inphase  data,  magnetic  total  field  data,  GPR  profile  data,  and 
DICON  probe  measurements.  The  resistivity  data  are  logarithmic  plots  of  apparent 
resistivity  versus  electrode  spacing  with  a  corresponding  interpreted  resistivity 
versus  depth  profile;  EM3 1  and  magnetometer  data  are  presented  as  contour  plots; 
GPR  data  are  shown  as  profiles  with  distance  along  survey  line  plotted  against  time 
and  depth  (both  increasing  downward);  DICON  probe  data  are  in  tabular  form 
giving  the  measured  conductivity  and  relative  dielectric  permittivity,  and  calculated 
EM  wave  velocity.  The  resistivity  sounding  data  show  general  variations  in  soil 
resistivity  with  depth.  Anomalies  on  the  conductivity  and  magnetic  contour  plots 
are  identified  as  areas  that  differ  significantly  fi'om  the  average  or  backgroiuid  value, 
and  can  be  identified  by  a  concentration  of  contour  lines.  On  the  GPR  profile  plots, 
anomalous  areas  are  indicated  by  an  interruption  in  reflector  continuity.  Anomaly 
detection  is  dependent  not  only  on  the  type  and  size  of  material  and  the  depth  of 
burial,  but  also  on  the  contrast  between  the  soil  and  buried  material. 

The  GPR  data  are  presented  as  travel  time  versus  distance  along  survey  line. 

The  time  axis,  in  nanoseconds,  is  located  on  the  left  side  of  the  plot  and  depth,  in 
meters,  is  on  the  right.  The  depth  scale  is  based  on  a  subsurface  radar  velocity 
determined  by  analysis  of  the  CMP  and  DICON  probe  data.  There  are  two  aspects 
of  the  GPR  field  data  plot  that  require  some  explanation.  The  first  notable  feature  is 
the  lack  of  coincidence  between  zero  time  and  zero  depth  (for  example,  see  Figure 
22).  This  offset  is  due  to  the  separation  of  the  transmitter  and  receiver  antenna.  The 
first  arrival  at  the  receiver  is  the  reflection  from  the  direct  wave  traveling  from  the 
transmitter  to  the  receiver,  not  the  reflection  from  the  ground  surface.  The  time  span 
between  zero  time  and  zero  depth  is  the  one-way  travel  time  of  the  direct  wave 
between  the  transmitter  and  the  receiver.  The  second  point  of  initial  confusion  is  the 
depth  scale,  in  particular  at  very  shallow  depths  where  the  scale  is  obviously 
nonlinear.  The  depth  is  determined  based  on  the  velocity  of  the  media.  Because  the 
transmitter  and  receiver  antenna  are  separated  by  a  finite  distance  and  the 
transmitted  pulse  has  a  lobe-shaped  radiation  pattern,  the  ray  of  the  transmitted 
pulse  that  arrives  at  the  receiver  does  not  strike  the  subsurface  interface  at  normal 
incidence,  but  at  an  acute  angle.  The  depth  scale  is  corrected  for  non-normal 
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incidence  of  the  transmitted  ray  path. 

There  are  six  common  features  that  can  often  be  identified  in  a  GPR  record: 
continuous  reflector,  discontinuous  reflector,  chaotic  or  disturbed  reflection,  no 
reflection,  hyperbolic  reflection,  and  multiple  (Figure  15).  A  continuous  reflector 
identifies  a  relatively  smooth  and  uninterrupted  boundary,  whereas  a  discontinuous 
reflector  represents  a  rough  and  intermittent  boundary.  A  chaotic  reflection  is 
caused  by  a  disturbance  of  the  subsurface  material,  such  as  soil  that  has  been 
removed  and  then  backfilled,  or  rapid  deposition.  An  area  of  no  reflection  on  the 
radar  record  can  represent  a  loss  of  signal  strength  caused  by  a  highly  conductive  or 
magnetic  material,  system  power  limitations,  or  a  homogeneous  material  that 
exhibits  no  variations  in  EM  properties  that  would  cause  a  reflection  or  scattering  of 
energy.  Hyperbolic  reflection  patterns  are  generated  by  the  radar  signal  reflecting 
off  a  buried  object  (natural  or  man-made)  as  the  antenna  (which  are  located  on  the 
surface)  pass  over  the  object.  A  multiple  is  not  a  true  reflection  surface,  but  is 
generated  by  the  transmitted  pulse  traversing  an  indirect  path  between  the 
transmitter,  a  given  reflection  surface,  and  receiver  (reflecting  off  multiple  internal 
boundaries  prior  to  reaching  the  receiver).  Multiple  reflections  can  travel  various 
paths  depending  on  the  number  of  true  subsurface  reflectors,  and  the  travel  time  of 
the  multiple  will  always  be  greater  than  the  reflection  travel  time  of  the  true  reflector 
(Simms  et  al.  1995).  The  reflection  characteristics  described  above  are  used  to 
qualitatively  interpret  the  radar  record  and  identify  anomalous  areas. 

The  magnetic  data  have  a  nominal  background  value  of  53,600  nT  at  Fort 
Carson,  53,500  nT  at  Fort  A.  P.  Hill,  and  54,000  nT  at  the  JPG  1-ha  site.  Some  data 
sets  were  filtered  to  eliminate  spikes  caused  by  spurious  noise. 

The  DICON  probe  data  are  used  as  index  parameters  to  assess  lateral  and 
vertical  variability  of  point  in  situ  EM  properties,  for  comparison  with  the  EM3 1 
conductivity  data,  and  to  aid  in  estimating  velocities  used  in  presenting  the  GPR 
data. 


Fort  Carson,  Colorado 

Sea  bee  Site 

Site  description.  The  location  of  the  Seabee  site  is  shown  in  Figure  5.  A 
topographic  contour  map  of  the  site  (Figure  16)  shows  that  the  elevation  increases 
5  m  fi’om  the  northeast  comer  to  the  southwest  comer.  The  western  half  of  the  site 
has  a  slightly  steeper  gradient  than  the  eastern  portion.  Few  rocks  are  visible  on  the 
ground  surface.  The  surv^  grid  extends  125  m  to  the  east  and  1 15  m  to  the  north, 
although  this  project  is  concerned  only  with  the  initial  100  m  north.  Figure  17 
shows  the  location  of  the  resistivity  soundings,  GPR  profiles,  and  the  DICON  probe 
measurements. 

Electrical  resistivity  results.  Six  Schlumberger  resistivity  soundings  were 
performed  at  the  Seabee  site;  four  lines  were  oriented  north-south  and  two  east- 
west.  Plots  of  the  resistivity  field  data  with  the  best-fit  curve  superimposed,  and  the 
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Figure  15.  Common  features  found  on  a  GPR  record 


Figure  16.  Topographic  map,  Seabee  site,  Fort  Carson,  CO 


corresponding  interpreted  depth  profile  are  provided  in  Appendix  B.  Figure  18 
summarizes  the  interpreted  resistivity-depth  profiles.  The  interpreted  layers  do  not 
exhibit  a  large  variation  in  resistivity  values.  In  general,  the  near-surface  structure 
of  the  Seabee  site  can  be  characterized  by  four  electrical  layers:  a  thin  (<  1  m)  upper 
layer  having  a  resistivity  of  15  to  20  ohm-m;  a  more  resistive  (25—45  £2-m)  layer 
1.4  to  3.6  m  thick;  a  low  resistivity  (5-15  f2-m)  layer  ranging  from  1.8  to  3  m  in 
thickness;  and  a  slightly  more  resistive  (10-15  Q-m)  underlying  earth.  The  lower 
resistivity  layers  usually  correspond  to  an  increase  in  moisture  and/or  clay  content. 

In  terms  of  conductivity  (inverse  of  resistivity),  the  magnitude  of  these  values  (20- 
200  mS/m)  is  comparable  to  the  conductivity  readings  obtained  using  the  DICON 
probe  (Table  15).  However,  between  the  two  measurement  techniques  there  is  no 
correlation  of  depth  for  which  the  conductivity  values  correspond.  This  discrepancy 
is  attributed  to  the  volume  of  material  each  measurement  technique  “sees”.  A 
resistivity  sounding  measurement  is  influenced  by  the  hemisphere  of  soil  bounded 
by  the  current  electrodes,  whereas  the  DICON  probe  measurement  is  only  influenced 
by  the  material  in  the  immediate  vicinity  of  the  probe.  The  DICON  probe  is 
sensitive  to  minor  variations  in  soil  moisture  content. 

EM31  results.  The  results  of  the  EM3 1  inphase  and  conductivity  surveys  are 
presented  in  Figures  19  and  20,  respectively.  The  inphase  data  (Figure  19)  indicate 
an  area  of  relatively  low  inphase  values  in  the  central  portion  of  the  site.  The  values 
decrease  fiirther  towards  the  southeast  part  of  the  site.  The  inphase  values  have  a 
fairly  wide  range  and  vaiy  between  approximately  -5.25  and  -3.00  ppt.  The  plot  of 
the  conductivity  data  (Figure  20)  shows  the  same  general  trend  as  shown  in  the 
inphase  plot;  relatively  high  conductivity  values  surrounding  a  lobe-like  pattern  with 
lower  conductivity  values  that  extend  fi'om  the  center  of  the  site  towards  the 
southeast  comer.  The  general  range  of  the  conductivity  data  is  40  to  85  mS/m. 

These  conductivity  values  are  comparable  to  the  resistivity  sounding  and  DICON 
probe  measurements.  One  relatively  small  anomalous  feature  is  located  at 
approximately  (113E,  77N). 

Magnetometer  results.  The  results  of  the  magnetometer  survey  are  shown  in 
Figure  21.  The  majority  of  the  magnetometer  values  occur  in  a  very  narrow  range 
between  approximately  53,630  and  53,650  nT.  The  magnetometer  results  show 
numerous  random  to  stripe-shaped  anomalies',  and  one  substantial,  localized 
anomaly  characterized  by  coupled  high-low  values  located  at  approximately 
(5E,  8N).  No  general  data  trends  are  noted. 

EM  and  magnetometer  interpretation.  The  distribution  and  wide  range  of  values 
displayed  by  the  EM3 1  plots  are  indicative  of  varying  soil  and/or  rock  types  in  the 
upper  3  to  4  m.  The  low  conductivity  lobe  that  extends  fi'om  the  middle  to  the 


1  The  patchy  to  stripe-shaped  anomalies  oriented  preferentially  along  the  survey  line 
direction  result  from  (1)  the  difficulty  in  contouring  nearly  random,  small  variations  in 
magnetic  field  strength  (s  10  nT  over  the  majority  of  the  site)  and  (2)  the  data  density  is 
greater  along  the  survey  line  than  between  survey  lines. 
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Figure  18.  Model  results  of  resistivity  soundings,  Seabee  site,  Fort  Carson,  CO 


Table  15 

DICON  Probe  Data,  Seabee  Site,  Fort  Carson,  CO 


Location 

Depth 

(m) 

Relative 

Dielectric 

Permittivity 

Conductivity 

(mS/m) 

Wave  Speed 
(m/ns) 

10E,  30N 

0.1 

24 

75 

0.061 

0.3 

38 

151 

0.049 

0.5 

36 

136 

0.050 

10E.  55N 

0.1 

20 

67 

0.067 

0.3 

31 

122 

0.054 

0.5 

35 

135 

0.051 

10E.85N 

0.1 

14 

41 

0.080 

0.3 

32 

135 

0.053 

0.5 

34 

135 

0.051 

60E,  30N 

0.1 

22 

66 

0.064 

0.3 

29 

91 

0.056 

0.5 

28 

80 

0.057 

60E,  55N 

0.1 

24 

84 

0.061 

0.3 

26 

82 

0.059 

0.5 

38 

136 

0.049 

60E,  85N 

0.1 

23 

79 

0.063 

0.3 

28 

103 

0.057 

0.5 

41 

164 

0.047 

115E,  30N 

0.1 

32 

100 

0.053 

0.3 

38 

131 

0.049 

0.5 

36 

118 

0,050 

115E,  55N 

0.1 

37 

111 

0.049 

0.3 

30 

94 

0.055 

0.5 

40 

141 

0.047 

115E.  85N 

0.1 

39 

152 

0.048 

0.3 

32 

110 

0.053 

0.5 

46 

192 

0.044 

southeastern  comer  of  the  site  may  be  caused  by  a  decrease  in  the  clay  content  of  the 
soil.  The  variability  in  soil  conductivity  is  not  assumed  to  be  attributable  to  changes 
in  the  magnetic  mineral  content  of  the  soil  since  the  magnetometer  values  exhibit 
little  variation  throughout  the  site.  The  anomaly  detected  by  the  EM3 1  at 
location  (1 13E,  77N)  is  likely  caused  by  a  non-ferrous  metallic  object  since  it  was 
not  detected  by  the  magnetometer.  The  munerous  elongated,  low-valued,  magnetic 
anomalies  occurring  predominantly  between  lines  38E  and  70E  are  judged  to  be 
spurious  values  and  not  caused  by  ferrous  objects.  However,  the  magnetic  anomaly 
at  approximately  (5E,  8N)  is  considered  to  be  caused  by  a  buried  ferrous  object, 
likely  too  deep  or  too  small  to  significantly  affect  the  lower  resolution  inphase  and 
conductivity  EM3 1  measurements. 

GPR  results.  Five  grid  lines  were  either  partially  or  totally  profiled  using  GPR  at 
the  Seabee  site.  Locations  of  the  survey  lines  are  shown  in  Figure  17.  Lines  10, 15, 
60,  and  115  were  profiled  in  the  north-south  direction,  whereas  line  55  was  surveyed 
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Figure  19.  Results  of  inphase  survey,  Seabee  site,  Fort  Carson,  CO 


0  20E  40E  60E  SOE 

FORT  CARSON,  CO 

SEABEE  SUE 

'M=S===fi=iS=e=!=  TOTAL  MAGNETIC  FIELD 

(metres) 


100E  120E 


53650 

53640 

53630 


nT 

Cl  =  10 


Figure 


21 .  Results  of  magnetometer  survey,  Seabee  site,  Fort  Carson,  CO 


east-west.  The  50, 200,  and  900  MHz  antennas  were  used  along  lines  60E,  115E, 
and  55N;  50  and  200  MHz  along  line  lOE;  and  900  MHz  along  line  15E.  The 
900  MHz  antenna  was  only  run  along  a  30  m  section  of  the  line.  A  total  of  twelve 
GPR  profile  lines  were  collected  at  this  site  and  are  compiled  in  Appendix  C.  The 
high  soil  conductivities  at  this  site  were  not  conducive  for  GPR  and  signal 
penetration  did  not  exceed  1.6  m  with  the  50  MHz  antenna.  A  review  of  the 
conductivity  values  obtained  for  the  upper  half  meter  of  soil  using  the  DICON  probe 
(Table  15)  indicate  a  minimum  conductivity  value  of  41  mS/m,  with  values  often 
exceeding  75  mS/m.  The  EM3 1  data  also  indicate  conductivity  values  between  40 
and  85  mS/m.  The  practicality  of  performing  higher  frequency  (>  80  MHz)  GPR 
surv^s  is  questionable  when  the  near-surface  soil  conductivity  exceeds  35  mS/m 
because  of  the  reduction  in  signal  penetration  and  resolution.  Representative  GPR 
profiles  obtained  at  this  site  are  presented  in  Figure  22.  These  data  were  collected 
along  line  60E  using  the  50, 200,  and  900  MHz  antenna  (Figure  22a,  b,  and  c, 
respectively).  Although  the  quality  of  the  data  is  pcxjr,  the  decrease  in  depth  of 
investigation  and  increase  in  resolution  as  antenna  frequency  increases  is  observed. 
The  50  MHz  data  identify  a  continuous  reflector  at  a  depth  of  1.6  m  with  a  broad 
anomaly  beneath  station  33  meters  north.  (In  subsequent  references  to  GPR  station 
locations,  only  the  station  number  will  be  given,  meters  north  is  inferred).  Two 
reflectors  are  mapped  with  the  200  MHz  antenna,  one  at  a  depth  of  0.4  m  and  the 
other  at  1 .2  m.  The  900  MHz  antenna  has  a  much  shallower  depth  of  investigation, 
less  than  20  cm  at  this  site;  a  discontinuous  reflector  is  seen  at  about  8  cm  depth. 
Some  similarity  in  subsurface  structure  within  the  upper  2  m  is  observed  between 
the  GPR  and  electrical  resistivity  data.  Compare  the  layer  depths  obtained  using 
GPR  (0.08, 0.4,  1.2,  and  1.6  m)  with  those  from  the  resistivity  soundings  in  Figure 
18.  GPR  gives  a  more  detailed  picture  of  the  shallow  subsurface  than  electrical 
resistivity,  however,  resistivity  soundings  are  helpful  in  providing  a  broader  view  of 
both  the  shallower  and  deeper  layer  structure. 

Turkey  Creek  site 

Site  description.  Figure  7  shows  the  location  of  the  Turkey  Creek  site.  The 
topographic  map  (Figure  23)  shows  that  this  site  is  approximately  200  m  higher  in 
elevation  than  the  Seabee  site.  Elevation  at  the  site  increases  about  5  m  from  the 
southeast  to  the  northwest.  Numerous  rocks  are  located  in  the  eastern  half  of  the 
grid.  The  location  of  the  resistivity  soundings,  GPR  profiles,  and  DICON  probe 
measurements  are  shown  in  Figure  17. 

Electrical  resistivity  results.  Six  resistivity  soimdings  were  conducted  at  Tuik^ 
Creek  and  the  sounding  data  with  interpreted  depth  profiles  are  provided  in 
Appendix  E.  The  resistivity-depth  sections  (Figure  24)  indicate  that  the  near- 
siuface  soil  can  reasonably  be  described  using  three  electrical  layers:  a  thin  (<  1  m) 
upper  layer  having  a  resistivity  of  20  to  25  ohm-m,  and  a  1.5  to  4  m  thick  high 
resistivity  layer  (>  290  O-m)  underlain  by  a  moderately  resistive  earth  (50  to 
65  Q-m).  The  site  appears  to  be  more  complex  beneath  the  western  half,  where  a 
low  resistivity  layer  (~30  f2-m)  is  present  below  the  high  resistivity  layer. 

Resistivity  values  are  higher  at  the  Turkey  Creek  site  than  the  Seabee  site,  with  the 
major  distinction  being  the  presence  of  the  high  resistivity  layer  at  about  1  m  depth. 
A  comparison  of  the  near-surface  resistivity  values  (conductivities  of  40-50  mS/m) 
with  the  DICON  probe  conductivity  data  (Table  16)  shows  that  only  the 
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Figure  22.  Continued,  (b)  200  MHz 


igure22.  Continued,  (c)  900  MHz 


Figure  24.  Model  results  of  resistivity  soundings,  Turkey  Creek  site,  Fort  Carson,  CO 


Table  16 

DiCON  Probe  Data,  Turkey  Creek,  Fort  Carson,  CO 


Location 

Depth 

(m) 

Relative 

Dielectric 

Permittivity 

Conductivity 

(mS/m) 

Wave  Speed 
(m/ns) 

10E,30N 

0.1 

12 

12 

0.087 

0.3 

26 

98 

0.059 

0.5 

28 

98 

0.057 

10E,55N 

0.1 

13 

36 

0.083 

0.3 

23 

78 

0.063 

0.5 

26 

86 

0.059 

10E,85N 

0.1 

13 

35 

0.083 

0.3 

33 

113 

0.052 

0.5 

35 

125 

0.051 

60E,  30N 

0.1 

12 

30 

0.087 

0.3 

27 

95 

0.058 

0.5 

31 

109 

0.054 

60E,  55N 

0.1 

11 

23 

0.090 

0.3 

28 

89 

0.057 

0.5 

25 

71 

0.060 

60E,  85N 

0.1 

15 

39 

0.077 

0.3 

28 

95 

0.057 

0.5 

38 

145 

0.049 

115E,  30N 

0.1 

15 

41 

0.077 

0.3 

34 

130 

0.051 

0.5 

31 

117 

0.054 

115E,  55N 

1  0*1 

17 

51 

0.073 

0.3 

18 

52 

0.071 

0.5 

20 

61 

0.071 

115E.  85N 

0.1 

10 

21 

0.095 

0.3 

27 

76 

0.058 

0.5 

10 

18 

0.095 

measurements  taken  at  10  cm  depth  are  in  agreement;  the  deeper  probe 
measurements  were  greatly  affected  by  a  slight  decrease  in  moisture  content. 

EM31  results.  The  results  of  the  EM31  inphase  and  conductivity  surveys  are 
presented  in  Figures  25  and  26,  respectively.  These  data  indicate  a  gradual  decrease 
in  values  towards  the  east  and  northeast.  The  EM3 1  plots  show  background 
inphase  and  conductivity  values  of  approximately  3.5  to  4.5  ppt  and  10  to  35  mS/m, 
respectively.  Two  small  anomalies  are  shown  at  approximately  (73E,  64N)  and 
(1 17E,  98N)  in  the  inphase  plot.  In  contrast,  the  conductivity  plot  does  not  detect 
the  anomaly  located  at  (117E,  98N)  and  shows  little  variation  at  (73E,  64N).  The 
range  of  EM3 1  conductivity  values  is  in  general  agreement  with  the  resistivity 
sounding  models. 

Magnetometer  results.  The  results  of  the  magnetometer  survey  are  shown  in 
Figure  27.  The  majority  of  the  magnetometer  values  occur  in  a  relatively  narrow 
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Figure  25.  Results  of  inphase  survey.  Turkey  Creek  site,  Fort  Carson,  CO 
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Figure  26.  Results  of  conductivity  survey,  Turkey  Creek  site,  Fort  Carson,  CO 


Figure  27.  Results  of  magnetometer  survey,  Turkey  Creek  site,  Fort  Carson,  CO 


band  which  range  between  53,650  and  53,680  nT.  The  magnetometer  results  show 
numerous  low-valued  anomalies.  No  general  trends  in  the  data  are  noted. 

EM  and  magnetometer  interpretation.  The  distribution  and  range  of  values 
displayed  by  the  EM3 1  plots  are  indicative  of  varying  soil  and/or  rock  type  in  the 
upper  3  to  4  m.  The  decrease  in  conductivity  values  to  the  east-northeast  may  be 
caused  by  a  decrease  in  the  clay  content  of  the  soil.  The  trend  in  the  EM  values  do 
not  appear  to  reflect  the  general  topography  of  the  site.  For  instance,  the  elevation 
gradient  trends  basically  in  a  northwest-southeast  orientation  while  the  EM  gradient 
has  a  northeast-southwest  trend.  The  variability  in  the  soil  conductivity  is  not 
assumed  to  be  attributable  to  changes  in  the  magnetic  mineral  content  of  the  soil 
since  the  magnetometer  values  are  fairly  constant  across  the  site.  The  anomalies 
detected  with  the  EM3 1  at  locations  (73E,  64N)  and  (11 7E,  98N)  are  presumed  to 
be  caused  by  small  non-ferrous  metallic  objects  since  they  were  not  detected  with 
the  magnetometer.  The  numerous  elongated,  low-valued,  magnetic  anomalies 
occurring  predominantly  between  lines  58E  and  107E  are  judged  to  be  spurious 
values  and  not  caused  by  ferrous  objects. 

GPR  results.  The  locations  of  the  GPR  profile  lines  are  shown  in  Figure  17.  Four 
lines  (lOE,  60E,  115E,  55N)  were  surveyed  using  three  antenna  fi'equencies  (50, 
200,  900  MHz).  Appendix  F  contains  the  radar  records  for  each  line  surveyed.  The 
DICON  probe  results  (Table  16)  indicate  that  the  near-surface  (<  10  cm)  soil  is 
much  less  conductive  than  the  soil  below.  The  depth  of  investigation  is  comparable 
to  that  obtained  at  the  Seabee  site.  Radar  records  collected  along  line  60E  are 
plotted  in  Figure  28.  A  prominent  reflector  at  a  depth  of  1  m  is  evident  in  the  50 
MHz  data.  This  same  reflector  is  detected  with  the  200  MHz  antenna,  along  with  a 
shallower  layer  at  0.3  m  depth.  It  is  questionable  if  the  reflection  at  35  ns  is  a  soil 
layer,  or  if  it  is  a  multiple  involving  these  two  reflectors.  Several  hyperbolic 
reflections  are  easily  seen  in  the  900  MHz  record;  rocks  are  a  likely  source  of  these 
reflections  since  large  rocks  are  scattered  on  the  surface  and  in  the  subsurface 
(observed  in  nearby  stream  channel  walls).  The  continuity  of  the  reflector  at  6  cm 
depth  is  interrupted  by  some  hyperbolic  reflections  (e.g.  stations  57.8  and  59).  The 
reflectors  at  0.3  and  1  m  depth  mapped  using  GPR  correlate  with  the  0.4/0.5  and 
1  m  layers  modeled  fi'om  the  electrical  resistivity  data  (Figure  24). 


Fort  A.  P.  Hill,  Virginia 

Firing  Point  20 

Site  description.  The  location  of  Firing  Point  20  is  shown  in  Figure  13.  There  is 
little  variation  in  topography  (less  than  1  m)  at  the  site  (Figure  29),  however 
numerous  holes  and  tire  ruts  are  present.  The  signature  of  these  surface  features 
generally  masks  any  shallow  subsurface  features  in  the  GPR  records.  Figure  30 
shows  the  locations  of  the  electrical  resistivity  soundings,  GPR  profiles,  and 
DICON  probe  measurements.  Fewer  electrical  resistivity  soundings  were  performed 
at  Fort  A.  P.  Hill  (three  rather  than  six)  because  it  was  deemed  that  three  soundings 
would  adequately  characterize  the  resistivity  background. 
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Figure  28.  Continued,  (b)  200  MHz 


Electrical  resistivity  results.  The  location  and  orientation  of  the  three  resistivity 
soundings  performed  at  Firing  Point  20  are  shown  in  Figure  30.  Plots  of  the 
sounding  data  and  best-fit  layer  models  are  provided  in  Appendix  H.  A  three  layer 
earth  was  used  to  model  the  resistivity  sounding  data  collected  near  the  eastern  end 
of  the  site,  whereas  four  layers  were  better  suited  for  the  central  and  western 
portions  of  the  site  (Figure  31).  The  four  electrical  layers  include  a  thin,  high 
resistivity  layer  near  the  surface  (thickness  20-30  cm,  >850  fi-m);  a  lower 
resistivity  (300-600  £2-m)  layer  1.4  to  2  m  thick;  and  a  5  to  15  m  thick  high 
resistivity  (>  1000  Q-m)  layer  imderlain  by  a  much  lower  resistivity  (90  f2-m)  soil. 
The  three-layer  model  lacks  the  high  resistivity  surface  layer.  These  resistivity 
values  are  considerably  higher  than  those  at  Fort  Carson. 

EM31  results.  The  results  of  the  EM3 1  inphase  and  conductivity  surveys  are 
presented  in  Figures  32  and  33,  respectively.  The  inphase  and  conductivity  data 
show  very  little  variability  across  the  site  and  no  general  trends  are  obvious.  The 
background  inphase  values  range  between  -1.5  and  -2.0  ppt,  whereas  the 
conductivity  values  lie  within  a  range  of  2  and  4  mS/m.  Evident  in  both  plots  are 
two  very  prominent  linear  and  nearly  parallel  anomalies  oriented  roughly  in  a 
northeast-southwest  direction.  The  southern  anomaly  stretches  between 
approximately  (20E,  65N)  and  (125E,  lOON),  whereas  the  northern  anomaly 
extends  between  (OE,  SON)  and  (80E,  lOON).  The  two  anomalies  are  spaced 
approximately  15  to  20  m  apart.  Two  other  less  distinct,  linear  and  parallel  features 
with  a  northeast-southwest  orientation  can  also  be  discerned.  The  western  anomaly 
extends  fi’om  (80E,  ON)  to  (1 15E,  85N)  and  the  eastern  anomaly  lies  between  (95E, 
ON)  and  (120E,  85N).  These  two  anomalies  are  spaced  approximately  10  m  apart. 
The  EM3 1  inphase  and  conductivity  surveys  also  indicate  numerous  small 
anomalies,  both  in  magnitude  and  spatial  extent,  scattered  across  the  site.  The 
locations  of  most  of  the  small  anomalies  shown  in  the  inphase  plot  also  coincide 
with  those  foxmd  in  the  conductivity  survey  plot.  The  EM3 1  inphase  and 
conductivity  results  indicate  a  large  anomalous  area  in  the  northwestern  comer  of 
the  site  and  an  anomalous  area  in  the  southwestern  comer.  The  low  background 
conductivity  values  obtained  using  the  EM3 1  agree  well  with  the  high  resistivity 
layers  modeled  fi'om  the  electrical  sounding  data.  However,  the  shallow  DICON 
probe  measurements  were  influenced  by  the  higher  moisture  content  of  the  near- 
surface  soil  (upper  0.5  m),  resulting  in  higher  conductivity  values  (Table  17). 

Magnetometer  results.  The  results  of  the  magnetometer  survey  are  shown  in 
Figure  34.  Background  magnetic  values  range  between  approximately  53,490  and 
53,500  nT.  No  significant  trends  in  the  data  are  evident.  The  two  linear  anomalies 
detected  by  the  EM31  between  locations  (80E,  ON)  and  (115E,  85N),  and  (95E,  ON) 
and  (120E,  85N)  are  also  detected  by  the  magnetometer.  The  linear  anomaly 
detected  with  the  EM3 1  between  (20E,  65N)  and  (125E,  lOON)  can  barely  be 
discerned  in  the  plot  of  the  magnetometer  results,  whereas  the  linear  anomaly  to  the 
north,  (OE,  80N)-(80E,  lOON),  is  not  detected.  The  magnetometer  results  also 
show  numerous  anomalies  characterized  by  coupled  high-low  values  such  as  occur 
at  (8E,  55N),  (lOE,  40N),  and  (38E,  5N).  Most  of  these  small  anomalies  coincide 
with  the  location  of  the  small  anomalies  detected  with  the  EM3 1. 
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Fort  A.P.  Hill,  Firing  Point  20 
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resistivity  soundings,  Firing  Point  20,  Fort  A.  P.  Hill,  VA 


Figure  33.  Results  of  conductivity  survey,  Firing  Point  20,  Fort  A.  P.  Hill,  VA 


Table  17 

□ICON  Probe  Data,  Firing  Point  20,  Fort  A.  P.  Hill,  VA 


Location 

Depth 

(m) 

Relative 

Dielectric 

Permittivity 

Conductivity 

(mS/m) 

Wave  Speed 
(m/n$) 

15E,  30N 

0.1 

25 

34 

0.060 

o.s 

23 

41 

0.063 

0.5 

23 

29 

0.063 

15E.  55N 

0.1 

18 

15 

0.071 

0.3 

29 

43 

0.056 

0.5 

34 

53 

0.041 

20E,85N 

0.1 

16 

12 

0.075 

0.3 

31 

41 

0.054 

0.5 

30 

42 

0.055 

60E.  SON 

0.1 

24 

9 

0,061 

0.3 

27 

20 

0.058 

0.5 

36 

45 

0,050 

60E,  55N 

0.1 

28 

18 

0.057 

0.3 

25 

14 

0.060 

0.5 

30 

29 

0.055 

60E,  8SN 

0.1 

23 

13 

0.063 

0.3 

33 

24 

0.052 

0.5 

35 

44 

0.051 

115E,  SON 

0.1 

20 

18 

0.067 

0.3 

34 

52 

0.051 

0.5 

28 

34 

0.057 

11 5E,  60N 

0.1 

21 

11 

0.065 

0.3 

28 

28 

0.057 

0.5 

24 

27 

0.061 

115E.  85N 

0.1 

22 

17 

0.064 

0.5 

26 

31 

0.059 

0.3 

28 

37 

0.057 

EM  and  magnetometer  interpretation.  Three  linear  anomalies  detected  between 
(20E,  65NH125E,  lOON),  (80E,  0NH115E,  85N),  and  (95E,  0NH120E,  85N) 
are  coincident  to  the  EM3 1  and  magnetometer  survey  plots.  No  visible  surface 
features  were  noted  that  would  account  for  these  anomalies.  Some  partially  buried 
copper  cables  were  found  along  the  western  portion  of  the  site.  The  linear 
anomalies  are  probably  a  result  of  trenching  activities.  Soil  disturbance,  associated 
with  trenching  activities,  can  cause  the  anomalies  seen  in  the  plots  of  the  EM3 1 
data.  It  is  also  possible  that  the  linear  anomalies  may  be  caused  by  buried  cables 
and/or  by  other  buried  ferrous  and  non-ferrous  metallic  objects.  The  linear  anomaly 
which  extends  between  (OE,  80N)  and  (80E,  lOON)  is  not  detected  with  the 
magnetometer  and  is  probably  caused  by  soil  disturbance  generated  by  trenching  or 
by  buried  non-ferrous  object(s).  The  anomalous  EM3 1  and  magnetometer  values 
seen  in  the  northwestern  and  southwestern  comers  of  the  site  are  probably  caused  by 
a  buried  ferrous  object.  The  small  scattered  anomalies  detected  with  the  EM3 1  are 
probably  caused  by  small,  shallow  (less  than  2  m  in  depth),  non-ferrous  metallic 
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objects.  The  small  coincident  EM3 1  and  magnetometer  anomalies  are  caused  by 
small,  shallow  ferrous  objects.  The  EM  and  magnetic  properties  were  very 
consistent  across  the  site  and  no  significant  trends  were  noted.  This  site  appears  to 
have  had  considerable  human  activity  as  shown  by  the  niunerous  ferrous  and  non- 
ferrous  buried  objects  detected. 

GPR  results.  A  lower  soil  conductivity  at  Fort  A.  P.  Hill  allowed  a  greater  depth  of 
investigation  than  at  Fort  Carson.  Refer  to  Appendix  I  to  view  all  of  the  GPR  data 
collected  at  Firing  Point  20.  The  GPR  profiles  obtained  using  the  50, 100,  and 
900  MHz  antenna  along  line  60E  (trending  north-south)  are  plotted  in  Figure  35  ((a) 
50  MHz,  (b)  100  MHz,  (c)  900  MHz).  Numerous  sharp,  hyperbolic  reflections  are 
observed  in  the  records.  Some  of  these  anomalies  are  caused  by  surface  features, 
whereas  others  are  a  result  of  subsurface  features.  Strong  reflections  to  a  depth  of 
4  m  were  received  with  the  50  MHz  antenna.  An  anomaly  is  detected  at  station  18 
(depth  2  m)  and  station  33  (depth  2.6  m).  The  offsets  in  the  record  at  stations  61 
and  90  are  caused  by  cable  pulls  incurred  while  surveying.  The  100  MHz  record 
provides  more  detail  in  the  upper  2.5  m,  identifying  soil  layers  at  depths  of  1  m  and 
2  m.  The  anomalies  at  stations  45, 54,  88  and  94  were  caused  by  an  uneven  groimd 
surface  (e.g.  hole,  tire  rut,  etc.);  the  signatures  of  these  anomalies  are  seen  in  the 
ground  surface  reflection.  The  other  hyperbolic  reflections  (stations  19, 34, 48,  and 
65)  represent  subsurface  features  and  the  anomalies  at  stations  19  and  34  are  the 
same  as  those  seen  in  the  50  MHz  data.  The  900  MHz  data  were  affected  by  the 
irregular  ground  surface  and  lack  of  good  contact  between  the  antenna  and  the 
surface  soil  because  of  the  stiff  grass  cover.  No  coherent  reflector  is  seen  in  this 
data  but  the  other  900  MHz  profiles  suggest  a  reflector  at  about  15  cm  depth.  The 
two  shallow  soil  layers  interpreted  from  the  resistivity  sounding  data  at  20-30  cm 
and  2.3  m  depth  appear  to  correlate  with  those  identified  in  the  GPR  data  at  15  cm 
and  2  m  depth. 

Firing  Point  22 

Site  description.  Firing  Point  22  is  located  approximately  300  m  west  of  Firing 
Point  20  (Figure  13)  and  has  an  increase  in  average  site  elevation  of  0.5  m 
(Figure  36).  This  site  has  more  holes  and  tire  ruts  than  FP  20,  especially  in  the 
central  portion  of  the  site.  The  resistivity  soundings,  GPR  profiles,  and  DICON 
probe  readings  were  collected  at  the  same  locations  as  Firing  Point  20  (Figure  30). 

Electrical  resistivity  results.  The  resistivity  soundings  conducted  at  Firing  Point 
22  had  the  same  center  coordinates  and  orientations  as  those  at  Firing  Point  20.  The 
field  data  and  soimding  curves  are  compiled  in  Appendix  K.  The  resistivity  layer 
structure  of  this  site  is  similar  to  that  of  Firing  Point  20,  which  is  expected 
considering  the  close  proximity  of  the  two  sites.  A  four  layer  earth  also  achieved  the 
best  data  fit,  however  a  major  difference  is  a  surface  layer  having  a  lower,  rather 
than  higher,  resistivity  than  the  layer  below  (Figure  37). 

EM31  results.  The  results  of  the  EM3 1  inphase  and  conductivity  surveys  are 
presented  in  Figures  38  and  39,  respectively.  The  EM3 1  data  fall  in  a  fairly  narrow 
band  and  no  prevalent  data  trends  across  the  site  are  noted.  The  backgroimd 
inphase  values  range  between  -  I  and  -1.5  ppt,  whereas  the  conductivity  values  lie 
within  a  range  of  2  and  4  mS/m.  Five  prominent  localized  anomalies  are  noted  in 
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Figure  35.  GPR  profiles  (north-south),  line  60E,  Firing  Point  20,  Fort  A.  P.  Hill,  VA. 
a)  50  MHz,  b)  1 00  MHz,  c)  900  MHz 


Fort  A.P.  Hill,  Firing  Point  22 

Electrical  Resistivity  Results 


Figure  37.  Model  results  of  resistivity  soundings,  Firing  Point  22,  Fort  A.  P.  Hill,  VA 


Figure  38.  Results  of  inphase  survey,  Firing  Point  22,  Fort  A.  P.  Hill,  VA 


Figure  39.  Results  of  conductivity  survey,  Firing  Point  22,  Fort  A.  P.  Hill,  VA 


both  of  the  EM3 1  plots  at  the  following  approximate  locations:  (15E,  75N), 

(25E,  5N),  (72E,  lOON),  (120E,  15N),  and  (120E,  66N).  Several  other  smaller 
anomalies  coincident  to  the  inphase  and  conductivity  plots  are  also  evident.  There  is 
a  suggestion  of  a  lineation  between  (55E,  ON)  and  (85E,  SON).  As  was  the  case  at 
Firing  Point  20,  the  high  resistivities  modeled  for  the  upper  two  meters  of  soil  based 
on  the  electrical  resistivity  data  correlate  well  with  the  low  conductivity  values 
obtained  using  the  EM3 1 .  Also,  the  higher  conductivities  measured  using  the 
DICON  probe  (Table  1 8)  indicate  a  higher  moisture  content  of  the  near-surface  soil. 


Table  18  =——=—=  === 

DICON  Probe  Data,  Firing  Point  22,  A.  P.  Hill,  VA 


Location 

Depth 

(m) 

Relative 

Dielectric 

Permittivity 

Conductivity 

(mS/m) 

Wave  Speed 
(m/ns) 

15E.  30N 

0.1 

14 

15 

0.080 

0.3 

24 

22 

0.061 

0.5 

15 

13 

0.077 

15E,55N 

0.1 

20 

18 

0.067 

0.3 

17 

9 

0.073 

0.5 

24 

22 

0.061 

15E,85N 

0.1 

24 

18 

0.061 

0.3 

26 

16 

0.059 

0.5 

26 

9 

0.059 

60E,  30N 

0.1 

22 

16 

0.064 

0.3 

20 

10 

0.067 

0.5 

24 

18 

0.061 

60E,  55N 

0.1 

22 

18 

0.064 

0.3 

24 

14 
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0.5 

29 

23 
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0.3 

25 

31 
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23 

30 

0.063 
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0.3 

22 
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0.5 

30 

46 

0.055 

115E.85N 

0.5 
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0.1 

19 
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0.3 

28 

43 
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Magnetometer  results.  The  results  of  the  magnetometer  survey  are  shown  in 
Figure  40.  No  significant  trends  in  the  data  are  evident.  The  majority  of  the 
magnetometer  values  occur  in  a  narrow  band  between  53,490  and  53,5 10  nT.  The 
magnetometer  results  also  show  numerous  anomalies  characterized  by  coupled  high- 
low  values  and  many  of  these  anomalies  correspond  to  the  EM3 1  anomalies.  The 
five  prominent  anomalies  detected  with  the  EM3 1  are  also  detected  with  the 
magnetometer.  As  is  the  case  in  the  EM  data  plots,  there  is  a  series  of  anomalies 
that  define  a  line  with  end  points  located  at  approximately  (55E,  ON)  and  (85E, 
SON).  A  north-south  linear  feature  located  along  line  33E  is  caused  by  a  “stitch”  in 
the  data  where  two  data  sets,  collected  between  two  consecutive  days,  are  joined 
together. 

EM  and  magnetometer  interpretation.  One  slightly  detectable  linear  anomaly 
was  detected  with  the  EM3 1  and  magnetometer.  It  is  possible  that  this  anomaly  is 
the  result  of  a  backfilled  trench  in  which  a  number  of  ferrous  objects  are  buried.  No 
visible  surface  features  were  noted  which  would  account  for  this  anomaly.  The 
small,  scattered  anomalies  detected  with  the  EM3 1  are  probably  caused  by  small 
(less  than  1  m  diameter),  shallow  (less  than  2  m  in  depth),  non-ferrous  metallic 
objects.  The  coincident  EM3 1  and  magnetometer  anomalies  are  caused  by  shallow 
ferrous  objects.  The  EM  and  magnetic  properties  were  very  consistent  across  the 
site  and  no  significant  trends  were  noted.  This  site  also  appears  to  have  had 
considerable  human  activity  as  denoted  by  the  numerous  ferrous  and  non-ferrous 
buried  objects  detected. 

GPR  results.  Appendix  L  contains  a  plot  of  the  GPR  records  for  Firing  Point  22. 
The  north-south  profile  along  line  60E  typifies  the  radar  data  collected  at  this  site 
(Figure  41).  The  data  identify  continuous  subsurface  layers  at  depths  of  0.1, 0.6, 
and  1.3  m,  and  deeper,  discontinuous  reflections  below  3  m.  This  set  of  GPR 
profiles  provides  an  excellent  example  of  the  improved  resolution  achieved  at  higher 
fi'equencies.  For  example,  note  the  detail  in  Figure  41  at  stations  10-15, 35-45, 
and  60  progressing  fi’om  the  50  MHz  to  the  200  MHz  records.  Between  stations 
10-15  and  35-45  there  is  a  cluster  of  objects  between  0.5  and  1  m  depth. 


Jefferson  Proving  Ground,  Indiana 

Site  description.  The  1 -hectare  (ha)  UXO  backgrounds  characterization  test  site  on 
JPG  is  located  north  of  the  northeast  boundary  of  the  40-acre  site  (Figure  42).  For 
geophysical  survey  purposes,  the  southwest  comer  of  the  site  was  designated  a  local 
grid  coordinate  of  (OE,  ON).  Listed  below  are  the  corresponding  latitude,  longitude 
and  UTM  (NAD83)  coordinates  of  the  test  site  comers.  The  topographic  map  of  the 
site  (Figure  43)  reveals  a  relatively  flat  (<  2%  slope)  surface  (Figure  44).  There  is  a 
2.5  m  change  in  elevation  sloping  from  the  southeast  to  the  northwest  comer,  with  a 


Local  Grid  Coordinates 

Latitude 

Longitude 

UTM  (NAD83)  (meters) 

(OE,  ON) 

38"55'32.209834" 

85‘‘22'00.280268" 

641578.49963,  4309789.98145 

(OE.  100N) 

38‘’55'35.443670" 

85'»22W.59084CK' 

641569.23497,  4309889.53878 

(125E.  ON) 

38^55'32.521070" 

85®2r55.1 08020" 

641702.87797.  4309801.80845 

(125E.  100N) 

38‘»55'35753606" 

85®2r55.421461" 

641693.54338.  4309901.32436 
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Figure  40.  Results  of  magnetometer  survey,  Firing  Point  22,  Fort  A.  P.  Hill,  VA 


Figure  41 .  GPR  profiles  (north-south),  line  60E,  Firing  Point  22,  Fort  A.  P.  Hill,  VA. 
a)  50  MHz,  b)  100  MHz,  c)  200  MHz,  d)  900  MHz. 


Figure  41.  Continued,  (c)  200  MHz 
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Figure  42.  General  location  of  1  hectare  site  on  Jefferson  Proving  Ground,  Indiana 
(portion  of  U.S.G.S.  Rexville,  IN  7.5  minute  quadrangle,  1959) 
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Figure  43.  Topographic  map,  1  hectare  site,  JPG 


Figure  44.  Photograph  of  JPG  1-ha  site 


general  elevation  of  about  273  m.  Numerous  holes  and  ruts  are  present  on  the 
ground  surface.  Figure  45  shows  where  the  electrical  resistivity,  GPR,  and  DICON 
probe  data  were  acquired. 

Electrical  resistivity  results.  Six  electrical  resistivity  soundings  were  performed. 
The  center  of  each  sounding  and  direction  of  expansion  is  depicted  in  Figure  46. 
Plots  of  the  field  data  (Appendix  N)  suggest  a  (near  surface)  three  layer  earth 
structure  having  a  high-low-high  resistivity  pattern.  Results  of  the  inverse  modeling 
procedure  are  shown  in  Figure  46  with  graphical  and  tabulated  results  provided  in 
Appendix  N.  A  three  or  four  layer  model  best  fits  the  data.  When  a  fourth  layer  is 
present,  it  has  an  intermediate  resistivity  value  between  the  initial  high-low.  The 
upper,  high  resistivity  layer  ranges  in  thickness  fi’om  0.2  to  0.8  meters  with 
resistivity  varying  between  460  and  880  ohm-m.  The  middle  layer  exhibits  little 
variation  in  both  resistivity,  50-70  ohm-m,  and  thickness,  4.2-5. 2  m.  The  lower¬ 
most  resistivity  interface  detected  extends  to  a  depth  of  4. 7-5.5  m  and  is  highly 
resistive,  with  a  resistivity  value  exceeding  1000  ohm-m.  The  three  interpreted 
layers  are  associated  with  a  shallow  silt  underlain  by  a  thicker  clay,  which  resides  on 
limestone  bedrock.  The  50-70  ohm-m  resistivity  is  generally  high  for  a 
mineralogical  clay,  unless  the  clay  is  dry.  Recall  that  analysis  of  the  upper  one 
meter  of  soil  revealed  only  a  small  fraction  of  clay  minerals.  However,  while 
angering  holes  for  the  DICON  probe  pockets  of  predominantly  clay  soil  were 
encountered,  so  it  is  likely  that  the  percentage  of  clay  minerals  does  increase  below  a 
depth  of  one  meter.  The  estimated  depth  to  bedrock  determined  fi'om  the  resistivity 
soimdings  (4.7-5.5  m)  is  comparable  to  the  1. 1-7.2  m  depth  of  refusal  encountered 
during  soil  sampling  at  the  40  acre  site  (PRC  Environmental  Management,  Inc. 
1996).  The  shallow  depths  of  refusal  are  likely  caused  by  cobbles  or  limestone 
“floaters”,  and  the  greater  depths  of  refusal  could  be  localized  zones  of  enhanced 
weathering  of  the  limestone  surface. 

EM31  results.  The  conductivity  data  show  a  general  increase  in  conductivity  fi'om 
north  to  south  (Figure  47).  Average  background  values  range  fi'om  15  to  20  mS/m. 
The  northwest  comer  and  northeast  portion  of  the  grid  exhibit  slightly  lower  values 
(11-15  mS/m).  Conductivity  values  greater  than  18  mS/m  are  found  within  the 
southern  half  of  the  survey  grid,  with  values  increasing  toward  the  southwest  and 
southeast  comers.  The  most  conductive  area  exists  between  (104-1 18E,  0-1  ON) 
where  values  exceed  24  mS/m. 

Little  variation  is  seen  in  the  inphase  data  (Figure  48),  with  typical  background 
values  ranging  fi'om  0.4  to  0.8  ppt.  Several  small  (lateral  dimension),  shallow  and 
weak  (intensity)  isolated  anomalies  are  located  at  (lOE,  39N),  (14E,  IN),  (14E, 

3  IN),  (14E,  47N),  (16E,  12N),  (20E,  31N),  and  (78E,  14N). 

Magnetometer  results.  A  nonlinear  filter  was  applied  to  the  data  to  remove  spikes 
caused  by  spurious  noise.  The  magnetic  data  have  a  nominal  background  value  of 
54000  nT  with  an  average  variation  of  ±6  nT  (Figure  49).  The  data  show  no 
apparent  trends.  Two  moderate  anomaly  highs  are  located  at  (74E,  40N)  and  (102E, 
32N),  with  a  small  anomaly  low  at  (69E,  IN).  No  correlation  is  observed  between 
the  magnetic  and  conductivity  anomalies. 
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Figure  47.  Results  of  conductivity  survey,  JPG  1-ha  site 
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Figure  48.  Results  of  inphase  survey,  JPG  1-ha  site 


Figure  49.  Results  of  magnetic  survey,  JPG  1-ha  site 


GPR  results.  Figure  45  shows  the  location  of  the  GPR  profiles.  The  profile  data 
collected  using  the  50, 100,  and  200  MHz  antennas  are  given  in  Appendix  O.  A 
velocity  of  0.07  m/ns,  determined  using  both  the  CMP  and  DICON  probe 
measurements,  was  used  for  estimating  depth  of  investigation.  The  DICON  probe 
data  are  tabulated  in  Table  19. 

An  investigation  depth  of  about  3.5  m  was  obtained  with  the  50  MHz  antenna. 
Figure  50a  shows  a  typical  profile  collected  at  this  site  using  the  50  MHz  antenna. 
At  this  fi'equency,  two  prominent  reflectors  are  resolved  that  extend  across  the  site 
along  each  line  profiled.  These  layers,  at  depths  of  0.5-0.7  m  and  1.6-2  m,  are 
continuous  and  relatively  flat.  A  third  layer  having  a  discontinuous  and  intenmttent 
reflection  boundary  is  detected  at  a  depth  of  approximately  3.2  m.  A  broad, 
hyperbolic  reflection  is  evident  in  the  east-west  profile  data  acquired  along  line  50N 
at  position  88  (Figure  50a).  This  reflection  has  a  calculated  wave  velocity  of  about 
0.3  m/ns,  that  of  an  EM  wave  in  air,  indicating  the  reflection  is  caused  by  an  object 
located  on  or  above  the  ground  surface. 


Table  19 

DICON  Probe  Data,  JPG  1-Ha  Site 


Location 

Depth 

(m) 

Relative 

Dielectric 

Pemnittivity 

Conductivity 

(mS/m) 

Wave  Speed 
(nn/ns) 

10E.  30N 

0.1 

23,3 

15.4 

0.062 

0.3 

23.9 

27.7 

0.061 

0.5 

25 

28.9 

0.060 

10E,55N 

0.1 

17.5 

8.8 

0.072 

0.3 

19.1 

18.5 

0.069 

0.5 

28 

40-6 

0.057 

10E,85N 

0.1 

13.9 

6.4 

0.081 

0.3 

14,6 

7.6 

0.079 

0.5 

24.6 

29.6 

0.061 

60E,  30N 

0.1 

21.7 

11.4 

0.064 

0.3 

22.7 

14.2 

0.063 

0.5 

24.7 

24,5 

0.060 

60E,  55N 

0.1 

19 

9.6 

0.069 

0.3 

19.9 

15.1 

0.067 

0.5 

22,3 

23.2 

0.064 

60E,  85N 

0.1 

19.9 

9.7 

0.067 

0.3 

20.1 

16 

0.067 

0.5 

27 

34.3 

0.058 

115E,30N 

0.1 

21 

15.4 

0.066 

0-3 

27.7 

34.9 

0.057 

0.5 

28 

40.6 

0.057 

115E.55N 

0.1 

25.4 

16.2 

0.060 

0.3 

22.6 

25.4 

0.063 

0.5 

26.7 

29.2 

0.058 

115E,  85N 

0.5 

21.6 

12.9 

0.065 

0.1 

23.1 

16.1 

0.062 

0.3 

25.2 

21.8 

0.060 
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Figure  50.  GPR  profiles  collected  along  line  SON,  1-ha  site,  JPG.  (a)  50  MHz,  (b)  100  MHz. 


The  100  MHz  profiles  also  image  the  two  prominent  reflectors  identified  in  the 
50  MHz  data.  The  lower  reflector  (depth  1.5-2  m)  is  at  the  investigation  depth  limit 
for  this  fi'equency.  The  100  MHz  antenna  detects  a  rough,  discontinuous  and 
intermittent  reflector  located  between  the  other  two  layers  at  a  depth  of  0.9-1.2  m. 

A  series  of  small,  hyperbolic  reflections  is  observed  in  profile  line  50N  between 
stations  90-115  at  a  depth  of  1.5  m  (Figure  50b).  Depth  of  investigation  decreases 
but  resolution  of  the  shallower  layers  improves  at  the  higher  antenna  fi'equencies. 
This  is  seen  in  a  comparison  of  the  50  and  100  MHz  profiles  along  line  1 15E 
(Figure  5 1).  Note  the  uplifting  of  the  reflector  at  1.5  m  depth  between  stations  45- 
71  in  the  50  MHz  profile.  Greater  detail  is  apparent  in  the  100  MHz  profile  at  this 
location,  where  the  small,  sharp  hyperbolic  reflections  from  individual  sources  can 
be  identified. 

Approximately  1  m  depth  of  investigation  was  obtained  with  the  200  MHz 
antenna.  The  roughness  of  the  shallow  soil  boundaries  is  observed  in  the  data 
(Figure  52).  The  shallowest  reflector  imaged  is  at  a  depth  of  0.3-0.4  m,  and  two 
deeper  layers  are  detected  at  depths  of  0.8  m  and  0.9  m.  An  anomaly  is  apparent  at 
a  depth  of  1.0  m  in  the  60E  profile  line  at  position  64. 


Summary  of  Geophysical  Results 

Significant  diflferences  in  the  range  and  magnitude  of  soil  conductivity  and 
depths  of  investigation  are  observed  between  the  sites  at  Fort  Carson,  Fort  A.  P. 
Hill,  and  JPG.  A  statistical  comparison  of  the  five  1 -hectare  sites  based  on  analysis 
of  the  electrical  conductivity  data  is  given  in  Table  20.  It  emphasizes  the  similarity 
of  the  two  sites  at  Fort  A.  P.  Hill,  as  expected  due  to  their  proximity,  and  the 
variability  in  soil  at  Fort  Carson.  The  contrast  in  average  conductivity  values  is 
indicative  of  a  sandier  soil  at  Fort  A.  P.  Hill  and  a  higher  clay  content  soil  at  Fort 
Carson,  where  the  Seabee  site  soil  has  more  clay  than  the  Turkey  Creek  site.  The 
soil  at  the  JPG  1-ha  site  has  a  sand  and  clay  content  between  that  at  Fort  A.  P.  Hill 
and  the  Turkey  Creek  site  at  Fort  Carson.  Based  on  the  average,  median,  and  mode 
parameters,  the  soil  at  a  given  site  is  distributed  uniformly  over  each  site.  The 
greatest  variation  in  conductivity  values  occurs  at  Fort  Carson,  having  standard 
deviation.values  of  6.2  and  1 1.0  for  the  Turkey  Creek  and  Seabee  sites,  respectively. 
Table  2 1  provides  a  summary  of  typical  background  values  and  interpreted 
subsurface  layer  structure  for  the  four  geophysical  surveys  conducted.  The 
following  is  a  summaiy  of  geophysical  findings  at  each  1 -hectare  site. 

Fort  Carson,  Colorado 

Soil  conductivity  is  relatively  high  at  Fort  Carson,  with  the  soil  at  the  Seabee 
site  having  a  higher  moisture  and  clay  content  than  at  Turkey  Creek.  The 
background  total  magnetic  field  only  varies  20-30  nT.  Similarities  in  terms  of 
munber  of  stratigraphic  layers  identified  and  their  depths  are  observed  between  the 
resistivity  and  GPR  interpretations  at  both  sites. 

Seabee  site.  Four  prominent  interfaces  were  mapped  within  the  upper  2  m  of  soil 
using  GPR  (depths  of  0.08, 0.4, 1.2,  and  1.6  m).  The  resistivity  layer  models 
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Figure  51.  GPR  profiles  (50  and  100  MHz)  collected  along  line  115E,  1-ha  site,  JPG 


Figure  52.  200  MHz  GPR  profile  collected  along  line  60E,  1-ha  site,  JPG 
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indicate  an  additional  interface  between  3  and  7  m  depth.  The  high  soil  conductivity 
(40-85  mS/m)  limited  the  GPR  maximum  depth  of  investigation  to  1.6  m.  Lower 
soil  conductivity  values  are  present  in  the  central  portion  of  the  site  and  extend 
toward  the  southeast  comer.  The  variability  in  soil  conductivity  is  caused  by 
changes  in  soil  composition,  mainly  the  amount  of  clay  present,  and  moisture 
content.  The  EM  and  magnetometer  data  suggest  a  small,  non-ferrous  metallic 
object  is  buried  at  (1 13E,  77N)  and  a  small,  ferrous  object  is  located  at  (5E,  8N). 

Turkey  Creek.  Although  soil  conductivity  (10-35  mS/m)  is  lower  at  Turkey  Creek, 
the  soil  still  was  not  favorable  for  collecting  higher  frequency  (>  200  MHz)  GPR 
data.  However,  three  soil  interfaces  were  identified  at  depths  of  0.06, 0.3,  and  1  m. 
The  resistivity  data  suggest  a  deeper  stratigraphic  boundary  between  3  and 
4  m.  Soil  conductivity  values  decrease  towards  the  east-northeast,  which  is  likely 
caused  by  a  reduction  in  clay  content.  Two  small,  non-ferrous  metallic  objects  are 
thought  to  be  buried  at  (73E,  64N)  and  (117E,  98N). 

Fort  A.  R  Hill,  Virginia 

The  soil  at  the  two  sites  is  characterized  by  very  low  electrical  conductivity 
values  (2-4  mS/m)  which  provided  an  excellent  regime  for  performing  GPR. 
However,  the  poor  surface  site  conditions  (holes,  tire  mts,  etc.)  compromised  the 
quality  of  the  data.  Strong  reflections  from  as  deep  as  4  m  were  mapped  with  the 
lower  GPR  frequency.  Both  the  electrical  resistivity  and  GPR  surveys  identified 
distinct  soil  boundaries  at  similar  depths  within  the  upper  2  m  of  soil.  Background 
total  magnetic  field  readings  varied  10-20  nT.  The  results  of  the  geophysical 
surveys  suggest  that  the  sites  have  had  considerable  human  activity. 

Firing  Point  20.  Three  subsurface  boundaries  were  distinguishable  at  depths  of 
0. 15, 1,  and  2  m  with  the  GPR  and  a  deeper  interface  between  7  and  15  m  depth  was 
modeled  based  on  the  resistivity  soimdings.  Three  linear  anomalies  were  coincident 
to  the  EM  and  magnetometer  data  ((20E,  65N-125E,  lOON),  (80E,  0N-115E, 

85N),  and  (95E,  0N-120E,  85N)).  No  surface  features  were  observed  that  would 
accoimt  for  these  anomalies,  however  some  partially  buried  copper  cables  were 
found  along  the  western  portion  of  the  site.  These  anomalies  are  probably  a  result 
of  trenching  activities  associated  with  buried  cables  and/or  other  bxuied  ferrous  and 
non-ferrous  metallic  objects.  One  linear  anomaly  (OE,  80N-80E,  lOON)  was 
detected  solely  by  the  EM  survey.  A  possible  cause  of  this  anomaly  is  soil 
disturbance  generated  by  trenching  and/or  buried  non-ferrous  object(s).  The 
northwestern  and  southwestern  comers  of  the  site  appeared  anomalous  on  both  the 
EM  and  magnetic  data  plots;  buried  ferrous  material  could  be  present  in  these  areas. 
Numerous  small  anomalies  scattered  across  the  site  were  evident  in  the  EM  data. 
Probable  causes  of  these  anomalies  are  small,  shallow,  non-ferrous  objects. 

Firing  Point  22.  There  is  some  variation  in  the  subsurface  layer  structure 
determined  from  the  GPR  and  resistivity  models.  The  GPR  detects  three  continuous 
reflectors  at  depths  of  0.1, 0.6,  and  1.3  m,  whereas  the  resistivity  models  also 
consist  of  four  layers  (including  halfspace)  but  with  interfaces  at  approximately  0.2, 
2.7,  and  7-12  m.  A  weak,  linear  anomaly  (55E,  0N-85E,  80N)  was  detected  by 
both  the  EM  and  magnetic  surveys.  There  were  no  surface  features  which  suggested 
a  cause  of  the  anomaly,  but  a  backfilled  trench  containing  small  ferrous  objects 
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could  generate  a  similar  response.  Five  prominent  anomalies  are  present  in  both  the 
EM  and  magnetic  data:  (15E,  75N),  (25E,  5N),  (72E,  lOON),  (120E,  15N),  and 
(120E,  66N).  The  source  of  these  anomalies  is  most  likely  shallow,  ferrous  objects. 
There  were  several  small  anomalies  unique  to  either  the  EM  or  magnetometer  data. 
Those  anomalies  present  only  in  the  EM  data  are  probably  caused  by  shallow,  non- 
ferrous  objects,  whereas  the  magnetic  anomalies  are  likely  caused  by  shallow, 
ferrous  objects. 

JPG  1 -hectare  site 

Analysis  of  the  resistivity  data  suggests  a  three  or  four  layer  shallow  earth 
model  with  a  high-low-high  resistivity  pattern.  The  first  layer  is  associated  with  a 
silt  ranging  in  thickness  from  0.2  to  0.8  m;  the  second  layer  a  clay  4.2-5. 2  m  thick; 
and  the  lower-most  layer  limestone  bedrock  at  a  depth  of  4.7-5.5  m.  GPR  profiles 
were  collected  using  antenna  frequencies  of  50, 100  and  200  MHz.  A  maximum 
depth  of  investigation  of  3.5  m  was  obtained  with  the  50  MHz  antenna.  The 
profiles  showed  relatively  flat,  continuous  soil  layers  that  extended  across  the  site. 
An  EM  wave  velocity  of  0.7  m/ns  was  suitable  for  estimating  depth  of  investigation. 
The  near-surface  soil  has  a  background  conductivity  of  15-20  mS/m.  Conductivity 
values  increase  across  the  site  from  north  to  south,  with  the  most  conductive  region 
in  the  southeast  comer.  The  magnetic  data  exhibit  little  variation  over  the  site;  a 
nominal  background  value  is  54000  nT. 
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5  Summary 


This  report  details  the  establishment  and  geophysical  and  geologic 
characterization  of  five  1 -hectare  UXO/landmine  test  sites:  two  at  Fort  Carson, 
Colorado,  two  at  Fort  A.  P.  Hill,  Virginia,  and  one  at  Jefferson  Proving  Ground, 
Indiana.  The  purpose  for  characterizing  the  sites  is  to  document  them  for 
comparison  with  other  UXO/landmine  test  sites  and  to  provide  presite  disturbance 
assessments  of  site  heterogeneity  (variability)  and  the  presence  of  buried  cultural 
features.  General  results  of  the  site  characterizations  were  made  available  to 
contractors  for  assessment  and  planning  purposes  prior  to  conducting  the 
“backgrounds  clutter  data  collection”  geophysical  surveys  (initial  contractor  testing 
at  Fort  Carson  and  Fort  A.  P.  Hill;  contractor  testing  subsequent  to  Phase  III  TD  at 
JPG). 

The  site  selection  objective  was  to  achieve  contrasting  site  conditions  in  terms 
of  climate  and  soil  types.  Figure  1,  in  Chapter  1,  indicates  that  selection  of  the  four 
DARPA  sites  at  two  locations  satisfies  three  of  the  four  possibilities  of  the  simple 
site  classification  scheme  based  on  moist  or  dry  climatic  conditions  and  sand  or  clay 
soil  type.  The  fourth  possibility  under  this  classification  scheme  is  satisfied  by  the 
conditions  at  Jefferson  Proving  Ground,  Indiana,  location  of  the  Congressionally- 
mandated  UXO/landmine  technology  demonstrations.  An  indicator  of  the 
contrasting  site  conditions  for  the  Fort  Carson  and  Fort  A.  P.  Hill  sites  is  the  soil 
conductivity  values  (summarized  in  Table  20,  Chapter  4).  The  Seabee  site  has 
relatively  high  conductivity  (40-85  mS/m),  consistent  with  significant  clay  content 
in  the  soils,  whereas  the  Turkey  Creek  site  has  a  lower  conductivity  range  (10-35 
mS/m),  consistent  with  a  silty-sand  with  some  clay  content.  The  two  sites  at 
Fort  A.  P.  Hill  are  virtually  identical  and  have  very  low  conductivity  (2-4  mS/m), 
consistent  with  sandy  soils  with  very  low  clay  content. 

In  terms  of  geologic  heterogeneity  within  each  site,  there  are  no  indications  of 
trends  in  the  magnetic  field  across  any  of  the  sites  (Figures  21, 27,  34, 40, 49).  The 
geologic  heterogeneity  in  bulk  electrical  conductivity  of  the  upper  4  to  5  m  of  the 
sites  can  be  assessed  using  Figures  20, 26, 33,  39  and  47.  The  conductivity  maps 
for  the  Fort  A.  P.  Hill  sites  show  no  site  heterogeneity.  In  contrast,  site  heterogeneity 
is  indicated  in  the  conductivity  maps  for  the  Seabee  and  Turkey  Creek  sites  at  Fort 
Carson  and  in  the  JPG  1-ha  site.  The  Seabee  site  does  not  have  a  systematic 
variation  across  the  site,  but  is  dominated  by  a  low  conductivity  zone  extending 
roughly  fi'om  south  to  north  that  is  surrounded  by  three  large  size,  higher 
conductivity  zones.  The  Turkey  Creek  site  exhibits  a  systematic  increase  in 
conductivity  from  northeast  to  southwest  across  the  site  that  is  interrupted  by  a  zone 
of  higher  conductivity  in  the  southwest  quadrant.  At  the  JPG  site,  conductivity 
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values  increase  from  north  to  south,  with  the  exception  in  the  northeast  quadrant 
where  conductivity  values  slightly  lower  than  background  are  present. 

The  level  of  cultural  background  or  clutter  at  the  Fort  Carson,  Fort  A.  P.  Hill, 
and  JPG  locations  is  dramatically  different.  At  the  Turkey  Creek  and  Seabee  sites 
(Fort  Carson)  and  JPG  site  there  are  only  one  to  two  small,  isolated  anomalies 
which  may  indicate  buried  cultural  features.  For  the  Fort  A.  P.  Hill  sites,  there  are 
numerous  small,  isolated  anomalous  features,  indicative  of  buried  cultural  features, 
as  well  as  the  linear  anomalous  features  crossing  the  Firing  Point  20  site  (see 
Figures  32  through  34). 
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SIEVE  ANALYSIS 


PROJECT:  FT.  CARSON,  SEABEE  SITE 
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34.7 

65.3 

34.3 

65.7 

29.9 

70.1 

27.7 

72.3 

26.2 

73.8 

21.4 

78.6 

EDE 
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U.S.  ST/SNDARO  SIEVE  OPENING  N  INCHES  U5,  STANDARD  SIEVE  NUMBERS 


Appendix  A 


A9 


SIEVE  ANALYSIS 


PROJECT:  FT.  CARSON,  SEABEE  SITE 


BORING:  REG  4-1  SAMPLE:  DF:  MD4396C  .DAT 

DEPTH:  SURFACE  DATE:  23  OCT  96 

LL:  38  PL:  22  PI:  16  GS:  2.70  est  WC:  24.50 
CLASSIFICATION:  160 
CLAY  (CL) ,  GRAY 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  513.0  gms. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

10 

2.000 

100.0 

.0 

.1 

No 

16 

1.180 

100.0 

.0 

.2 

No 

20 

.850 

100.0 

.  0 

.4 

No 

30 

.600 

99.9 

.1 

.6 

No 

40 

.425 

99.9 

.1 

.9 

No 

50 

.300 

99.8 

.2 

1.3 

No 

70 

.212 

99.7 

.3 

1.7 

No 

100 

.150 

99.7 

.3 

3.6 

No 

140 

.106 

99.3 

.7 

12.7 

No 

200 

.075 

97.5 

2.5 

HYDROMETER: 

RDGS 

TEMP 

15.1 

22 

.0 

.0495 

4.6 

95.4 

11.9 

22 

.0 

.0361 

3.7 

96.3 

10.5 

22 

.0 

.0258 

3.2 

96.8 

8.9 

22 

.0 

.0135 

2.7 

97.3 

8.5 

21 

.5 

.0097 

2.6 

97.4 

7.8 

21 

.5 

.0069 

2.4 

97.6 

6.8 

21 

.5 

.0049 

2.0 

98.0 

5.8 

21 

.5 

.0035 

1.7 

98 . 3 

4.9 

20 

.  0 

.0015 

'1.4 

98.6 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  2.5 
PERCENT  FINES  =  97.5 
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U.S.  STANDARD  SIEVE  OPENING  N  INCHES  U.S,  STANDARD  SIEVE  NUMBERS 

1  3  13 
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GRADATION  CURVE  j  LABORATORY  USAE  WES  -  STF/GL 


SIEVE  ANALYSIS 


PROJECT:  FT.  CARSON,  SEABEE  SITE 


BORING:  REG  4-1  SAMPLE:  DF:  MD4396C  .DAT 

DEPTH:  0.5M  DATE:  23  OCT  96 

JLL:  37  PL:  15  PI:  22  GS:  2.70  est  WC:  19.40 
CLASSIFICATION:  176 

SANDY  CLAY  (CL) ,  GRAY 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gitlS. 

3>ARTIAL  WEIGHT  AFTER  SPLIT:  44.0  gms. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

10 

2.000 

100.0 

.0 

.0 

No 

16 

1.180 

100.0 

.  0 

.1 

No 

20 

.850 

99.8 

.2 

.1 

No 

30 

.600 

99.8 

.2 

.2 

No 

40 

.425 

99.5 

.5 

.3 

No 

50 

.300 

99.3 

.7 

.4 

No 

70 

.212 

99.1 

.9 

.  6 

No 

100 

.150 

98.6 

1.4 

1.8 

No 

140 

.106 

95.9 

4.1 

9.3 

No 

200 

.075 

78.9 

21.1 

HYDROMETER: 

RDGS 

TEMP 

15.5 

22 

.0 

.0494 

55.6 

44.4 

13.8 

22 

.0 

.0355 

49.5 

50.5 

12.7 

22 

.0 

.0253 

45.5 

54.5 

11.2 

22 

.0 

.0133 

40.1 

59.9 

11.0 

22 

.0 

.0094 

39.3 

60.7 

10.0 

22 

.0 

.0067 

35.7 

64.3 

9.0 

21 

.5 

.0048 

31.8 

68.2 

8.5 

21 

.5 

.0034 

30.0 

70.0 

7.6 

20 

.0 

.0014 

25.6 

74.4 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  21.1 
PERCENT  FINES  =  78.9 
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U.S.  SWNWRO  SIEVE  OPENING  N  INCHES  U5.  STANDARD  SIEVE  NUMBERS 

1  3  13 
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GRADATION  CURVE  _ |  LABORATORY  USAE  WES  -  STF/GL 


SIEVE  ANALYSIS 


PROJECT:  FT.  CARSON,  SEABEE  SITE 


BORING:  REG  4-1  SAMPLE:  DF:  MD4396C  .DAT 

DEPTH:  l.OM  DATE:  23  OCT  96 


LL:  33  PL:  15  PI:  18  GS:  2.70  est  WC:  17.90 
CLASSIFICATION:  192 

SANDY  CLAY  (CL) ,  GRAY 


TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  47.6  gms. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

10 

2.000 

100.0 

.0 

.0 

No 

16 

1.180 

100.0 

.0 

.0 

No 

20 

.850 

100.0 

.0 

.1 

No 

30 

.600 

99.8 

.2 

.1 

No 

40 

.425 

99.8 

.2 

.2 

No 

50 

.300 

99.6 

.4 

.3 

No 

70 

.212 

99.4 

.  6 

.4 

No 

100 

.150 

99.2 

.8 

1.9 

No 

140 

.106 

96.0 

4.0 

8.8 

No 

200 

.075 

81.5 

18.5 

HYDROMETER: 

RDGS 

TEMP 

17.5 

22 

.0 

.0484 

58.1 

41.9 

15.1 

22 

.5 

.0350 

50.4 

49.6 

13.2 

22 

.5 

.0252 

44.0 

56.0 

11.7 

22 

.5 

.0132 

39.0 

61.0 

10.8 

22 

.5 

.0094 

36.0 

64.0 

10.0 

22 

.5 

.0067 

33.4 

66.6 

9.9 

22 

.5 

.0047 

33.0 

67.0 

8.4 

22 

.0 

.0034 

27.7 

72.3 

7.5 

20 

.0 

.0014 

23.4 

76.6 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =18.5 
PERCENT  FINES  =  81.5 
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WATER  CONTENT  -  GENERAL 

,  y  ^  nATP  ^  ?  (Zu^  ^Co _ 

50RINGN0  /O  <L/H 

_ __2 _ _ _ _ I _ 

Sample  or  Specimen  No. 

7y^~£ 

Tare  No. 

f^S' 

544 

S30 

3 

S5<^ 

Weight  In  grams 

Tare  plus  wet  soil 

4/^.6? 

50^05 

3(o.3Z 

4/9. ;3/ 

32.1^ 

Tare  plus  dry  soil 

3'3.C5. 

57J7S. 

ss. 

Water 

W 

w 

a  >70 

Tare 

JS,  73 

JL-01 

i5.yz 

AS.CJ 

_LS.  2  0 

Dry  soil 

W 

J  f  -  io^- 

3^./0 

4in 

3934  _ 

Water  content 

w 

7.09^ 

^.0(  ^ 

% 

Sample  or  Specinoen  No. 

Tare  No. 

Weight  In  grams 

Tare  plus  wet  soil 

Tare  plus  dry  soil 

Water  W 

w 

\ 

Tare 

Dry  soil 

W 

s 

Water  content 

w 

% 

% 

% 

% 

% 

% 

UjQDcr  c 

u 

Sample  or  Spedmen  No. 

:^7,jr£ 

yj'/y 

77.S-E 

4>  0  ■  s~/\7' 

Tare  No, 

SS'_9  _ 

SCS' 

uo  3r 

M 

E 

« 

01 

Tare  plus  wet  soil 

SHJS 

U,3^ 

A^nl_ 

Sl54 

Tare  plus  dry  soil 

■sV. 

S'S'rSJ 

S^O  7 

S-/  .Of 

sr<3.9^ 

*•» 

JZ 

Water  | 

W 

w 

7-?o 

n.  ^>s 

ja» 

m 

Tare 

ls.s(o 

(S<^7 

IS-.  9'..4 

/C^/ 

Dry  soil  | 

W 

s 

3%  77 

S9.(fQ 

SfS7 

AS..03 

Water  content 

w 

/^.C9  ^ 

hm^ 

I9.m  * 

At.  /7* 

% 

(tare  plus  wet  soil)  —  (tare  plus  dry  soil)  Ww 

w%  ■=  - — - ; — - — - 1 -  X  100  -  X  100 

(tare  plus  dry  soil)  —  (tare)  Wj 

ENG  ,  jun'^65  3835  (HW  1110-2-1906) 
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U.S.  SWJDARO  SIEVE  OPENING  N  INOCS  U5.  STANDARD  SIEVE  NUVBERS 
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SIEVE  ANALYSIS 


PROJECT:  FORT  CARSON 
UPPER  10  CM 

BORING:  SEABEE  SAMPLE;  DF:  MD4396  .DAT 

DEPTH:  27.5E-73N  DATE:  11  SEP  96 

iL:  34  PL:  17  PI:  17  GS;  .00  WC:  14.69 

:LASSIFICATI0N;  158 

SANDY  CLAY  (CL) ,  GRAY 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

>ARTIAL  WEIGHT  AFTER  SPLIT;  101.8  gms. 

WEIGHTS  SIEVE  SIZE  OPENING  PERCENT  PERCENT 

gm.  or  NUMBER  mm  FINER  COARSER 

.0  No  4  4.750  100.0  .0 

.3  No  6  3.350  99.7 

1.2  No  10  2.000  98.8 

2.4  No  16  1.180  97.6 

3.1  No  20  .850  97.0 

3.8  No  30  .600  96.3 

4.3  No  40  .425  95.8 

4.9  No  50  .300  95.2 

5.5  No  70  .212  94.6 

6.6  No  100  .150  93.5 

9.3  No  140  .106  90.9 

22.9  No  200  .075  77.5 

PERCENT  GRAVEL  =  .0 

PERCENT  SAND  =  22.5 
PERCENT  FINES  =77.5 

EDE 


.  3 

1.2 

2.4 
3.0 

3.7 
4.2 

4.8 

5.4 

6.5 
9.1 

22.5 
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US,  SWIDARO  SIEVE  OPENING  N  INC^CS  y,S.  STANDARD  SIEVE  NUMBERS 
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Appendix  A 


SIEVE  ANALYSIS 


PROJECT;  FORT  CARSON 
UPPER  10  CM 


BORING:  SEABEE 
DEPTH:  40E-23N 


SAMPLE:  DF:  MD4396  .DAT 

DATE:  11  SEP  96 


LL:  33  PL;  16  PI;  17  GS :  .00 

CLASSIFICATION:  168 

SANDY  CLAY  (CL) ,  GRAY 

TOTAL  WEIGHT  OF  SAMPLE;  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  97.5  gms. 

WEIGHTS  SIEVE  SIZE  OPENING  PERCENT 
gm.  or  NUMBER  mm  FINER 

.0  No  4  4.750  100.0 


17.65 


PERCENT 

COARSER 

.0 


.0 

.2 

.4 

.7 

.9 

1.3 
1.9 

2.4 

3.4 
5.7 

25.1 


No  6 
No  10 
No  16 
No  20 
No  30 
No  40 
No  50 
No  70 
No  100 
No  140 
No  200 


3.350 

2.000 

1.180 

.850 

.600 

.425 

.300 

.212 

.150 

.106 

.075 


100.0 

99.8 

99.6 
99.3 

99.1 

98.7 

98.1 

97.5 

96.5 

94.2 

74.3 


.0 

.2 

.4 

.7 

.9 

1.3 

1.9 

2.5 

3.5 
5.8 

25.7 


PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  25.7 
PERCENT  FINES  =  74.3 
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U.S.  SXWDAf®  SIEVE  OPENING  N  INOCS  U5.  STANDARD  SIEVE  NUVBERS 
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SIEVE  ANALYSIS 


PROJECT:  FORT  CARSON 
UPPER  10  CM 

BORING:  SEABEE  SAMPLE:  DF:  MD4396  .DAT 

DEPTH:  52.5E-85.5N  DATE:  11  SEP  96 

jL:  36  PL:  18  PI:  18  GS:  .00  WC:  19.44 

:LASSIFICATI0N:  178 

SANDY  CLAY  (CL) ,  GRAY 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms . 

>ARTIAL  WEIGHT  AFTER  SPLIT:  88.8  gms. 

WEIGHTS  SIEVE  SIZE  OPENING  PERCENT  PERCENT 

gm.  or  NUMBER  mm  FINER  COARSER 

.0  No  4  4.750  100.0  .0 

.5  No  6  3.350  99.4  .6 

.8  No  10  2.000  99.1  .9 

1.2  No  16  1.180  98.6  1.4 

1.5  No  20  .850  98.3  1.7 

1.9  No  30  .600  97.9  2.1 

2.2  No  40  .425  97.5  2.5 

2.5  No  50  .300  97.2  2.8 

3.0  No  70  .212  96.6  3.4 

3.7  No  100  .150  95.8  4.2 

5.7  No  140  .106  93.6  6.4 

16.7  No  200  .075  81.2  18.8 

PERCENT  GRAVEL  =  .0 

PERCENT  SAND  =  18.8 
PERCENT  FINES  =81.2 

EDE 
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Appendix  A 


GRADATION  CURVE _  LABORATORY  USAE  WES  -  5TF/GL 


SIEVE  ANALYSIS 


PROJECT:  FORT  CARSON 
UPPER  10  CM 


BORING;  SEABEE  SAMPLE:  DF:  MD4396  .DAT 

DEPTH:  65E-10.5N  DATE:  11  SEP  96 

.L:  35  PL:  20  PI:  15  GS:  .00  WC:  21.17 

:LASSIFICATI0N;  188 

SANDY  CLAY  (CL) ,  GRAY 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

'ARTIAL  WEIGHT  AFTER  SPLIT;  89.0  gms. 


WEIGHTS  SIEVE  SIZE  OPENING  PERCENT 
gm.  or  NUMBER  mm  FINER 

.0  No  4  4.750  100.0 


PERCENT 

COARSER 

.0 


.1 

No 

6 

.7 

No 

10 

1.8 

No 

16 

2.7 

No 

20 

3.5 

No 

30 

4.5 

No 

40 

5.3 

No 

50 

6.1 

No 

70 

7.0 

No 

100 

9.0 

No 

140 

26.6 

No 

200 

3.350 

99.9 

.1 

2.000 

99.2 

.8 

1.180 

98.0 

2.0 

.850 

97.0 

3.0 

.  600 

96.1 

3.9 

.425 

94.9 

5.1 

.300 

94.0 

6.0 

.212 

93.1 

6.9 

.150 

92.1 

7.9 

.106 

89.9 

10.1 

.075 

70.1 

29.9 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =29.9 
PERCENT  FINES  =  70.1 

EDE 
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US.  SWNWRO  SIEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  NUMBERS 
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Appendix  A 


SIEVE  ANALYSIS 


PROJECT:  FORT  CARSON 
UPPER  10  CM 


BORING:  SEABEE  SAMPLE:  DF:  MD4396 

DEPTH:  77.5E-60.5N  DATE:  11  SEP  96 


.DAT 


39  PL:  18  PI:  21  GS :  .00  WC:  18.13 

iSSIFICATION:  198 

SANDY  CLAY  (CL) ,  GRAY 

TOTAL  WEIGHT  OF  SAMPLE:  _  .0  gms. 

^TIAL  WEIGHT  AFTER  SPLIT:  93.3  gms. 

WEIGHTS  SIEVE  SIZE  OPENING  PERCENT  PERCENT 
gm.  or  NUMBER  mm  FINER  COARSER 

.0  No  4  4.750  100.0  .0 


.3 

1.1 

2.1 

2.7 

3.5 
4.1 

4.7 

5.5 

6.5 

8.8 

18.2 


No  6 
No  10 
No  16 
No  20 
No  3  0 
No  40 
No  50 
No  70 
No  100 
No  140 
No  200 


3.350 
2.000 
1.180 
.850 
.  600 
.425 
.300 
.212 
.  150 
.106 
.  075 


99.7 

98.8 
97.7 

97.1 

96.2 

95.6 
95.0 
94.1 
93.0 

90.6 
80.5 


.3 

1.2 

2.3 
2.9 

3.8 

4.4 
5.0 

5.9 
7.0 

9.4 
19.5 


PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  19.5 
PERCENT  FINES  =  80.5 
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Appendix  B 
Electrical  Resistivity 
Sounding  Data,  Seabee  Site, 
Fort  Carson 
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CBl 


PAGE  1 


DATA  SET:  CBl 


CLIENT:  Ft  Carson 
LOCATION:  Seabee  Site 

COUNTY :  Colorado  Springs 
PROJECT:  DARPA 
ELEVATION:  5750.00 

SOUNDING  COORDINATES:  X: 


DATE:  July  1996 
SOUNDING:  10,55 
AZIMUTH:  N-S  ‘ 
EQUIPMENT:  VES 

10.0000  Y:  55.0000 


Schlumberger  Configuration 
FITTING  ERROR:  2.283  PERCENT 


L  #  RESISTIVITY  THICKNESS  ELEVATION  LONG.  COND.  TRANS.  RES. 

(ohm-m)  (meters)  (meters)  (Siemens)  (Ohm-m^2) 

5750.0 

1  15.11  0.413  5749.5 

2  25.12  1.38  5748.2 

3  9.30  2.75  5745.4 

4  14.12 


ALL  PARAMETERS  ARE  FREE 


No. 

SPACING 

RHO 

-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

15.00 

14.54 

3.03 

2 

0.600 

15.12 

14.97 

0.963 

3 

0.700 

14.82 

15.42 

-4.06 

4 

0.800 

15.29 

15.86 

-3.75 

5 

1.00 

16.73 

16.65 

0.463 

6 

1.00 

17.23 

17.15 

0.463 

7 

1.30 

18.63 

18.02 

3.22 

8 

1.60 

18.86 

18.50 

1.87 

9 

2.00 

19.30 

18.64 

3.38 

10 

2.50 

17.37 

18.28 

-5.25 

11 

3.00 

17.43 

17.58 

-0.891 

12 

4.00 

15.74 

15.89 

-1.00 

13 

5.00 

14.57 

14.40 

1.14 

14 

5.00 

15.73 

15.55 

1.14 

15 

6.00 

14.63 

14.37 

1.75 

16 

8.00 

12.86 

13.14 

-2.18 

17 

10.00 

12.70 

12.77 

-0.627 

18 

13.00 

12.78 

12.82 

-0.355 

19 

16.00 

13.22 

13.03 

1.43 

*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES  * 


0.0273  6.24 
0.0549  34.69 
0.296  25.68 
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CBl 


PAGE  2 


No. 

SPACING 

RHO-A 

(ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

20 

20.00 

13.25 

13.28 

-0.263 

21 

25.00 

13.36 

13.51 

-f.1‘4 

22 

30.00 

13.66 

13.66 

-0.0447 

23 

30.00 

13.44 

13.44 

-0.0447 

24 

40.00 

14.03 

13.62 

2.89 

25 

40.00 

14.24 

13.82 

2.89 

26 

50.00 

13.63 

13.92 

-2.15 

27 

60.00 

13.62 

13.98 

-2.64 

PARAMETER  RESOLUTION  MATRIX: 

iipii 

INDICATES  FIXED  PARAMETER 

P  1 

0.98 

P  2 

-0.01  0.96 

P  3 

0.00  -0.02 

0.85 

P  4 

0.00  0.00 

0.00 

1.00 

T  1 

-0.07  -0.10 

-0.01 

0.00  0.61 

T  2 

0.03  0.10 

0.13 

-0.01  0.23 

0.71 

T  3 

0.01  -0.01 

-0.29 

-0.01  0.01 

0.19  0.25 

PI  P  2 

P  3 

P  4  T  1 

T  2  T  3 

*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES  * 
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PAGE  1 


DATA  SET:  CB2 


CLIENT: 

LOCATION: 

COUNTY: 

PROJECT: 

ELEVATION: 


Ft  Carson 
Seabee  Site 
Colorado  Springs 
DARPA 
5750.00 


SOUNDING  COORDINATES: 


X: 


DATE: 

SOUNDING: 

AZIMUTH: 

EQUIPMENT: 


July  1996 
40,55 
N~S  ‘ 

VES 


40.0000  Y:  55.0000 


Schlumberger  Configuration 
FITTING  ERROR:  3.310  PERCENT 


L  # 

RESISTIVITY 

(ohm-m) 

THICKNESS 

(meters) 

ELEVATION  LONG.  COND. 
(meters)  (Siemens) 

5750.0 

TRANS.  RES 
(Ohm-m^2) 

1 

20.37 

0.461 

5749.5  0.0226 

9.40 

2 

25.78 

1.28 

5748.2  0.0497 

33.06 

3 

4 

ALL 

8.74 

14.06 

PARAMETERS  ARE 

5.13 

FREE 

5743.1  0.587 

44.92 

No. 

SPACING 

(m) 

RHO-A  (ohm-m)  DIFFERENCE 

DATA  SYNTHETIC  (percent) 

1 

0.500 

21.19 

21.50 

-1.47 

2 

0.600 

21.72 

21.72 

-0.0390 

3 

0.700 

22.62 

21.96 

2.89 

4 

0.800 

21.98 

22.19 

-0.970 

5 

1.00 

23.18 

22.57 

2.60 

6 

1.00 

23.66 

23.04 

2.60 

7 

1.30 

22.30 

23.34 

-4.69 

8 

1.60 

21.97 

23.29 

-6.01 

9 

2.00 

22.41 

22.75 

-1.54 

10 

2.50 

22.08 

21.60 

2.16 

11 

3.00 

22.21 

20.19 

9.07 

12 

4.00 

16.98 

17.38 

-2.40 

13 

5.00 

14.97 

15 . 15 

-1.25 

14 

5.00 

15.88 

16.07 

-1.25 

15 

6.00 

14.22 

14.43 

-1.54 

16 

8.00 

12.53 

12.76 

-1.89 

17 

10.00 

12.37 

12.27 

0.766 

18 

13.00 

13.02 

12.36 

4.99 

19 

16.00 

13.04 

12.74 

2.28 
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No. 

SPACING 

RHO-A 

(ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

20 

20.00 

12.88 

13.26 

-2.95 

21 

25.00 

13.46 

13.78 

-2.41 

22 

30.00 

13.66 

14.17 

-3.76 

23 

30.00 

13.28 

13.78 

-3.76 

24 

40.00 

14.65 

14.27 

2.55 

25 

40.00 

13.48 

13.13 

2.55 

26 

50.00 

13.73 

13.40 

2.37 

27 

60.00 

13.50 

13.57 

-0.548 

PARAMETER 

RESOLUTION  MATRIX; 

iipii 

P  1 
P  2 

INDICATES  FIXED  PARAMETER 

0.99 

0.00  0.97 

P  3 

0.00 

-0.02 

0.94 

P  4 

0.00 

0.00 

-0.01  0.99 

T  1 

-0.05 

-0.09 

-0.02  0.00  0.37 

T  2 

0.01 

0.08 

0.08  0.00  0.30 

0.75 

T  3 

0.01 

-0.03 

-0.15  -0.03  -0.03 

0.17  0.52 

P  1 

P  2 

P  3  P  4  T  1 

T  2  T  3 
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DATA  SET:  SBS-3 


CLIENT:  Waterways  Experiment  Station 
LOCATION:  Fort  Carson,  CO,  Seabee  Site 
Colorado  Springs 
DARPA  UXO/Mines 
5750.00 


COUNTY: 

PROJECT: 

ELEVATION: 


SOUNDING  COORDINATES:  X: 


70.0000  Y; 


DATE: 

SOUNDING: 

AZIMUTH: 

EQUIPMENT: 


July  1996 

70",55 

N,S 

VES 


55.0000 


Schlumberger  Configuration 
FITTING  ERROR:  1.166  PERCENT 


L  # 

RESISTIVITY 

THICKNESS 

ELEVATION  LONG.  COND. 

TRANS.  RES. 

(ohm-m) 

(meters) 

(meters)  (Siemens) 

(Ohm-m^2) 

5750.0 

1 

15.35 

0.796 

5749.2  0.0519 

12.23 

2 

45.75 

3.57 

5745.6  0.0780 

163.4 

3 

5.49 

2.44 

5743.1  0.444 

13.44 

4 

15.40 

ALL 

PARAMETERS  ARE 

FREE 

No. 

SPACING 

RHO-A  (ohm-m)  DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

15.80 

15.78 

0.118 

2 

0.600 

15.84 

16.05 

-1.36 

3 

0.700 

16.44 

16.40 

0.225 

4 

0.800 

17.00 

16.81 

1.07 

5 

1.00 

17.80 

17.80 

-0.0538 

6 

1.30 

19.77 

19.54 

1.12 

7 

1.60 

21.12 

21.36 

-1.14 

8 

2. 00 

23.57 

23.62 

-0.227 

9 

2.50 

25.93 

25.99 

-0.253 

10 

3.00 

27.78 

27.82 

-0.148 

11 

4.00 

30.29 

30.04 

0.801 

12 

5.00 

30.50 

30.81 

-1.02 

13 

6.00 

31.16 

30.56 

1.92 

14 

8.00 

28.37 

28.34 

0.0894 

15 

10.00 

24.88 

25.31 

-1.72 

16 

13.00 

21.03 

21.16 

-0.620 

17 

16.00 

18.29 

18.25 

0.197 

18 

20.00 

16.39 

16.08 

1.83 

19 

25.00 

15.20 

15.00 

1.31 

*  U.S. 
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No. 

SPACING 

RHO-A 

(ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

20 

30 

.00 

14.35 

14.70 

-2.45 

21 

40 

.00 

14.48 

14.74 

-1 . 81 

22 

50 

.00 

15.00 

14.89 

0.700 

23 

60 

.00 

15.20 

15.01 

1.22 

PARAMETER  RESOLUTION  MATRIX: 

•ipii 

INDICATES  FIXED  PARAMETER 

P  1 

1.00 

P  2 

0.00 

1.00 

P  3 

0.00  ■ 

-0.01 

0.55 

P  4 

0.00 

0.00 

0.00 

1.00 

T  1 

0.00 

0.00 

0.00 

0.00  1.00 

T  2 

0.00 

0.00 

0.05 

0.00  0.00 

0.99 

T  3 

0.00 

0.00 

-0.49 

0.00  0.00 

0.05  0.45 

P  1 

P  2 

P  3 

P  4  T  1 

T  2  T  3 
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DATA  SET:  CB4B 


CLIENT :  Ft  Carson 
LOCATION :  Seabee  Site 

COUNTY :  Colorado  Springs 
PROJECT:  DARPA 
ELEVATION:  5750.00 

SOUNDING  COORDINATES:  X: 


DATE:  July  1996 
SOUNDING:  10055 
AZIMUTH: 

EQUIPMENT: 

100.0000  Y:  55.0000 


Schlumberger  Configuration 


FITTING  ERROR:  2.401  PERCENT 


L  # 


1 

2 

3 


RESISTIVITY 
( ohm-m) 


13.46 

6.63 

13.55 


THICKNESS 

(meters) 


3.73 

1.85 


ELEVATION 

(meters) 

5750.0 

5746.2 

5744.4 


LONG.  COND 
(Siemens) 


0.277 

0.280 


TRANS.  RES 
(Ohm-m^2) 


50.31 

12.33 


ALL  PARAMETERS  ARE  FREE 


No. 

SPACING 

RHO- 

A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

15.72 

15.98 

-1.68 

2 

0.600 

15.51 

15.98 

-3.05 

3 

0.700 

15.04 

15.98 

-6.25 

4 

0.800 

15.64 

15.97 

-2.16 

5 

1.00 

16.06 

15.96 

0.560 

6 

1.00 

14.09 

14.01 

0.560 

7 

1.30 

14.12 

13.99 

0.897 

8 

1.60 

14.06 

13.96 

0.667 

9 

2.00 

14.06 

13.91 

1.03 

10 

2.50 

14.19 

13.82 

2.59 

11 

3.00 

14.20 

13.69 

3.52 

12 

4.00 

13.56 

13.39 

1.25 

13 

5.00 

13.36 

13.03 

2.41 

14 

5.00 

13.57 

13.24 

2.41 

15 

6.00 

12.87 

12.89 

-0.195 

16 

8.00 

12.11 

12.37 

-2.16 

17 

10.00 

11.76 

12.12 

-3.12 

18 

13.00 

11.88 

12.13 

-2.13 

19 

16.00 

12.25 

12.34 

-0.777 

20 

20.00 

12.84 

12.68 

1.20 
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No. 

SPACING 

(m) 

RHO-A 

DATA 

(ohm-m) 

SYNTHETIC 

DIFFERENCE 

(percent) 

21 

25.00 

13.22 

13.04 

1.29 

22 

30.00 

13.59 

13.32 

1.98 

23 

30.00 

12.90 

12.64 

1.98 

24 

40.00 

13.24 

12.97 

1.98 

25 

40.00 

13.18 

12.91 

1.98 

26 

50.00 

12.53 

13.10 

-4.61 

27 

60.00 

12.98 

13.22 

-1.89 

PAEAMETER  RESOLUTION  MATRIX: 
"F"  INDICATES  FIXED  PARAMETER 


P 

1 

1.00 

P 

2 

0.00 

0.79 

P 

3 

0.00 

0.00 

1.00 

T 

1 

0.00 

0.10 

0.00 

0.93 

T 

2 

0.00 

-0.38 

-0.01 

0.17 

p  1 

P  2 

P  3 

T 
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DATA  SET:  CBS 


CLIENT:  Ft  Carson 
LOCATION:  Seabee  Site 

COUNTY :  Colorado  Springs 
PROJECT:  DARPA 
ELEVATION :  5750.00 

SOUNDING  COORDINATES:  X: 


60.0000  Y: 


DATE:  July  1996 
SOUNDING:  66,3^0 
AZIMUTH:  E-W 
EQUIPMENT:  VES 

30.0000 


Schlxomberger  Configuration 


FITTING  ERROR: 


3.391  PERCENT 


L  # 

RESISTIVITY 

THICKNESS 

ELEVATION  LONG.  COND. 

TRANS. 

(ohm-iti) 

(meters) 

(meters)  (Siemens) 

(Ohm-m 

5750.0 

1 

19.13 

0.149 

5749.8 

0.00782 

2.86 

2 

31.73 

1.49 

5748.3 

0.0471 

47.52 

3 

13.68 

4.44 

5743.9 

0.324 

60.78 

4 

24.76 

4.22 

5739.6 

0.170 

104.6 

5 

12.20 

ALL 

PARAMETERS  ARE 

FREE 

No. 

SPACING 

RHO-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

25.98 

26.24 

-1.00 

2 

0.600 

27.12 

27.27 

-0.563 

3 

0.700 

28.88 

28.04 

2.90 

4 

0.800 

27.62 

28.60 

-3.57 

5 

1.00 

29.90 

29.30 

1.99 

6 

1.00 

24.42 

23.93 

1.99 

7 

1.30 

24.88 

24.19 

2.74 

8 

1.60  - . 

23.10 

24.01 

-3.97 

9 

2.00 

23.65 

23.36 

1.20 

10 

2.50 

21.77 

22.18 

-1.92 

11 

3.00 

20.52 

20.87 

-1.72 

12 

4.00 

18.29 

18.42 

-0.744 

13 

5.00 

16.88 

16.59 

1.68 

14 

5.00 

17.83 

17.52 

1.68 

15 

6.00 

16.46 

16.25 

1.26 

16 

8.00 

14.70 

15.01 

-2.14 

17 

10.00 

14.32 

14.65 

-2.32 

18 

13.00 

14.55 

14.56 

-0.121 
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No. 

SPACING 

(m) 

RHO-A 

DATA 

(ohm-m) 

SYNTHETIC 

DIFFERENCE 

(percent) 

19 

16.00 

14.76 

14.49 

1.78 

20 

20.00 

14.06 

14.23 

-1.27 

21 

25.00 

13.90 

13.76 

0.998 

22 

30.00 

13.85 

13.25 

4.26 

23 

30.00 

13.64 

13.05 

4.26 

24 

40.00 

11.28 

12.24 

-8.59 

25 

40.00 

13.00 

14.11 

-8.59 

26 

50.00 

14.35 

13.50 

5 . 87 

27 

60.00 

13.40 

13.12 

2.07 

PARAMETER 

RESOLUTION  MATRIX: 

II  pit 

INDICATES  FIXED  PARAMETER 

P  1 

0.79 

P  2 

0.00 

0.99 

P  3 

0.01 

-0.01 

0.93 

P  4 

-0.01 

0.01 

0.05 

0.75 

P  5 

0.00 

0.00 

0.00 

0.01 

0.98 

T  1 

-0.36 

-0.03 

-0.02 

0.01 

0.00 

0.25 

T  2 

0.02 

0.03 

0.08 

-0.06 

0.00 

0.12 

0.85 

T  3 

0.01 

-0.02 

-0.16 

-0.04 

0.05 

-0.02 

0.17 

0.34 

T  4 

0.00 

0.00 

-0.02 

0.36 

0.03 

0.00 

0.02 

0.11  0.23 

P  1 

P  2 

P  3 

P  4 

P  5 

T  1 

T  2 

T  3  T  4 
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DATA  SET;  CB6 


CLIENT;  Ft  Carson 
LOCATION;  Seabee  Site 

COUNTY ;  Colorado  Springs 
PROJECT;  DARPA 
ELEVATION;  5750 . 00 
SOUNDING  COORDINATES;  X; 


DATE; 

SOUNDING; 

AZIMUTH; 

EQUIPMENT; 


July  1996 
60,^5 
E-W 
VES 


60.0000  Y;  85.0000 


Schlvunberger  Configuration 
FITTING  ERROR;  2.367  PERCENT 


L  # 

RESISTIVITY 

(ohm-m) 

THICKNESS 

(meters) 

ELEVATION 

(meters) 

5750.0 

LONG.  COND. 
(Siemens) 

TRANS.  RES. 
(Ohm-m^2) 

1 

22.33 

0.215 

5749.7 

0.00966 

4.81 

2 

12.45 

0.476 

5749.3 

0.0383 

5.93 

3 

34.19 

2.34 

5746.9 

0.0684 

80.06 

4 

5 

9.66 

13.52 

4.60 

5742.3 

0.476 

44.48 

ALL  PARAMETERS  ARE  FREE 


!JO. 

SPACING 

RHO-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

✓ 

(percent) 

1 

0.500 

21.64 

21.67 

-0.167 

2 

0.600 

21.23 

20.80 

2.00 

3 

0.700 

19.83 

20.33 

-2.52 

4 

0.800 

19.80 

20.18 

-1.96 

5 

1.00 

21.13 

20.58 

2.57 

6 

1.00 

17.16 

16.71 

2.57 

7 

1.30 

17.19 

17.86 

-3.95 

8 

1.60 

19.33 

19.19 

.  0.71&  _ 

9 

2.00 

20.98 

20.74 

1.12 

10 

2.50 

21.94 

22.14 

-0.951 

11 

3.00 

23.23 

22.99 

1.02 

12 

4.00 

23.20 

23.41 

-0.935 

13 

5.00 

22.63 

22.77 

-0.655 

14 

5.00 

21.16 

21.29 

-0.655 

15 

6.00 

19.93 

20.21 

-1.40 

16 

8.00 

18.33 

17.71 

3.37 

17 

10.00 

15.91 

15.60 

1.90 

18 

13.00 

13.23 

13.59 

-2.77 
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No. 

SPACING 

RHO-A 

(ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

19 

16.00' 

12.25 

12.60 

-2.90 

20 

20.00 

11.97 

12.09 

-r.07 

21 

25.00 

12.10 

11.96 

1.08 

22 

30.00 

12.56 

11.99 

4.46 

23 

30.00 

12.72 

12.15 

4.46 

24 

40.00 

11.88 

12.26 

-3.26 

25 

40.00 

12.76 

13.17 

-3.26 

26 

50.00 

13.15 

13.27 

-0.926 

27 

60.00 

13.44 

13.33 

0.782 

PARAMETER 

RESOLUTION  MATRIX: 

llpH 

INDICATES  FIXED  PARAMETER 

P  1 

0.86 

P  2 

-0.01 

0.87 

P  3 

0.03 

-0.02 

0.91 

P  4 

0.01 

0.01 

-0.04 

0.87 

P  5 

0.00 

0.00 

0.01 

0.01 

0.99 

T  1 

0.20 

0.16 

-0.04 

-0.02 

0.00 

0.51 

T  2 

-0.05 

-0.24 

-0.10 

-0.01 

0.00 

0.32 

0.48 

T  3 

-0.05 

0.04 

0.15 

0.13 

-0.01 

0.06 

0.17 

0.69 

T  4 

0.00 

0.01 

-0.02 

-0.24 

-0.03 

-0.01 

0.01 

0.13  0.15 

P  1 

P  2 

P  3 

P  4 

P  5 

T  1 

T  2 

T  3  T  4 
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(prepared  by  WES) 

C-21 


/ 


B20 


Appendix  B 


EM  1110-1-1802 

f-r  C,/^/2,5d/J 

31  May  79 

VERTICAL  SCHLUMBERGER  RESISTIVITY  SURVEY 


AREA 


OBSERVERS 


FT  I  OHMS 


R.  Po 

HMS  OHM-F 


o^  5^  \ 


o*  ^ 


5^.12.  I 


l.D  iT-ilV 


z 


^;?r2 .  t  "2- 


c=7:?.  So 


^.f3 


2.0  J/.  ^s•b^r.o?  jjW/ 


0.03  1^3. 9?  I 


t-SS9 


^■s>.  ■:>  I 


o./^OiT 


0.903  I  •  49  I  /^.^s 


0,lb‘^l\  r-y',^  I/J-.3-7 


P.IOOZ 


l(o.O 

k 

z 

/ 

3.0 

IIS 


I  I2.g8 


o3.'9z. 


^  I  9-0  ^C>  IQ  - 0'it.<^|/2  5'3, 5"  I  ^ 

~B  40  .0  lo.O‘/‘/7  sol , i' 


M  13.1-3 


C>cyb  o.DWH  ^*5  4^;'29 


M  ,  N 

--it  U- 


Cp6>!t 
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Figure  C-6.  Data  sheet  for  Schlumberger  vertical  profiling  survey 

(prepared  by  WES) 
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GPR  Profiles,  Seabee  Site, 
Fort  Carson 
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This  page  intentionally  left  blank 
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Appendix  C 


Ft.  Carson,  Seeibee  Site 

Line  lOE,  N-S  Profile,  100  to  0 

15/08/96 

NUMBER  OF  TRACES  =401 
NUMBER  OF  PTS/TRC  =312 
TIMEZERO  AT  POINT  =  55 
TOTAL  TIME  WINDOW  =  250 
STARTING  POSITION  =  100.000000 
FINAL  POSITION  =  0.000000 

STEP  SIZE  USED  =  -0.250000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  50.000000 
ANTENNA  SEPARATION  =  2.000000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =16 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  Carson,  Seabee  Site 

Line  lOE,  N-S  Profile,  100  to  0 


14/08/96 

NUMBER  OF  TRACES 
NUMBER  OF  PTS/TRC  = 
TIMEZERO  AT  POINT  = 
TOTAL  TIME  WINDOW  = 
STARTING  POSITION  = 
FINAL  POSITION 
STEP  SIZE  USED 
POSITION  UNITS 
NOMINAL  FREQUENCY  = 
ANTENNA  SEPARATION  = 
PULSER  VOLTAGE  (V)  = 
NUMBER  OF  STACKS 
SURVEY  MODE 
PRESS  ANY  KEY  TO  EXIT 


1001 

125 

21 

100 

100.0000 
-0.0000 
-0.1000 
metres 
200.00  _ 
0.5000 
400 
4 

Reflection 
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PMklen 


Port  Caurson,  Seabee  Site 

Line  15E,  start  40N,  end  70N,  N-S,  900  MHz 
03/09/96 

NUMBER  OF  TRACES  =  1511 

HUMBER  OF  PTS/TRC  =400 

TIMEZERO  AT  POINT  =  68 

TOTAL  TIME  WINDOW  =20 

STARTING  POSITION  =  40.0000 

FINAL  POSITION  =  70.3600 

STEP  SIZE  USED  =  0.0200 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  900.00 

ANTENNA  SEPARATION  =  0.1700 

PULSER  VOLTAGE  (V)  =  200 

NUMBER  OF  STACKS  =  4 

SURVEY  MODE  =  Reflection 

COLLECTED  BY  PEIOOO  -  CON:  930301  RX:  920510 

TX:  940207  ANT:  ?? 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  Carson,  Seabee  Site 

Line  60E,  N-S  Profile,  0  to  100 

15/08/96 

NUMBER  OF  TRACES  =  403 
NUMBER  OF  PTS/TRC  =312 
TIMEZERO  AT  POINT  =59 
TOTAL  TIME  WINDOW  =  250 
STARTING  POSITION  =  0.000000 
FINAL  POSITION  =  100.500000 
STEP  SIZE  USED  =  0.250000 

POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  50.000000 
ANTENNA  SEPARATION  =  2.000000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =16 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  Carson,  Seabee  Site 

Line  60E,  N-s  Profile,  0  to  100 

14/08/96 


NUMBER  OF  TRACES 
NUMBER  OF  PTS/TRC 
TIMEZERO  AT  POINT 
TOTAL  TIME  WINDOW 
STARTING  POSITION 
FINAL  POSITION 
STEP  SIZE  USED 
POSITION  UNITS 
NOMINAL  FREQUENCY 
ANTENNA  SEPARATION 
PULSER  VOLTAGE  (V) 
NUMBER  OF  STACKS 
SURVEY  MODE 


=  1002 
=  125 
=  18 
=  100 
=  0.0000 
=  100.1000 
=  0.1000 
=  metres 
=  200.00 
=  0.5000 
=  400 
=  4 

=  Reflection 


PRESS  ANY  KEY  TO  EXIT 
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Fort  Carson,  Seabee  Site 

Line  60E,  start  40N,  end  70N,  N-S,  900  MHz 
03/09/96 

NUMBER  OF  TRACES  =  1504 

NUMBER  OF  PTS/TRC  =400 

TIMEZERO  AT  POINT  =65 

TOTAL  TIME  WINDOW  =20 

STARTING  POSITION  =40.0000 

FINAL  POSITION  =  70.1000 

STEP  SIZE  USED  =  0.0200 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  900.00 

ANTENNA  SEPARATION  =  0.1700 

PULSER  VOLTAGE  (V)  =  200 

NUMBER  OF  STACKS  =  4 

SURVEY  MODE  =  Reflection 

COLLECTED  BY  PEIOOO  -  CON:  930301  RX:  920510 

TX:  940207  ANT:  ?? 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  Carson,  Seabee  Site 

Line  115E,  N-s  Profile,  0  to  100 

15/08/96 

NUMBER  OF  TRACES  =403 
NUMBER  OF  PTS/TRC  =312 
TIMEZERO  AT  POINT  =49 
TOTAL  TIME  WINDOW  =250 
STARTING  POSITION  =  0.000000 
FINAL  POSITION  =  100.500000 
STEP  SIZE  USED  =  0.250000 

POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  50.000000 
ANTENNA  SEPARATION  =  2.000000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  16 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  Carson,  Seabee  Site 

Line  115E,  N-S  Profile,  0  to  100 

14/08/96 

NUMBER  OF  TRACES  =  1035 
NUMBER  OF  PTS/TRC  =125 
TIMEZERO  AT  POINT  =  13 
TOTAL  TIME  WINDOW  =100 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  103.4000 

STEP  SIZE  USED  =  0.1000 

POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  200.00 
ANTENNA  SEPARATION  =  0.5000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Fort  Carson,  Seabee  Site 

Line  115E,  start  40N,  end  VON,  N-S,  900  MHz 
04/09/96 


NUMBER  OF  TRACES  = 
NUMBER  OF  PTS/TRC  = 
TIMEZERO  AT  POINT  = 
TOTAL  TIME  WINDOW  = 
STARTING  POSITION  = 
FINAL  POSITION 
STEP  SIZE  USED 
POSITION  UNITS 
NOMINAL  FREQUENCY  = 
ANTENNA  SEPARATION  = 
PULSER  VOLTAGE  (V)  = 
NUMBER  OF  STACKS 
SURVEY  MODE 
COLLECTED  BY  PEIOOO  - 


1505 

400 

73 

20 

40.000000 

70.080002 

0.020000 

metres 

900.000000 

0.170000 

200 

4 

Reflection 

•  CON:  930301  RX:  920510 
TX:  940207  ANT:  ?? 


POSITIONS  RENUMBERED 
PRESS  ANY  KEY  TO  EXIT 
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Depth  (m)v=0»110  m/ns 


Position 


Ft.  Carson,  Seabee  Site 

Line  55N,  E-W  Profile,  125  to  0 

15/08/96 

KDMBER  OF  TRACES  =  503 
NUMBER  OF  PTS/TRC  =312 
TIMEZERO  AT  POINT  =  1 
TOTAL  TIME  WINDOW  =250 
STARTING  POSITION  =  125.000000 
FINAL  POSITION  =  -0.500000 
STEP  SIZE  USED  =  -0.250000 
POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  50.000000 
ANTENNA  SEPARATION  =  2. 000000 “ 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =16 


SURVEY  MODE  =  Reflection 

SOURCE  DATA  FILE  =  C:\EKKO\WORK\CB55N5 
FIRST  BREAK  POINT  CORRECTED.  THRESHOLD  =  10000 
FIRST  BREAK  SHIFT  APPLIED. 


PRESS  ANY  KEY  TO  EXIT 
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Fort  Carson,  Seabee  Site 

Line  55N,  start  45E,  end  75E,  E-W,  900  MHz 
03/09/96 

NUMBER  OF  TRACES  =  1455 

NUMBER  OF  PTS/TRC  =  400 

TIMEZERO  AT  POINT  =  64 

TOTAL  TIME  WINDOW  =20 

STARTING  POSITION  =  45.0000 

FINAL  POSITION  =  75.1000 

STEP  SIZE  USED  =  0.0200 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  900.00 

ANTENNA  SEPARATION  =  0.1700 

PULSER  VOLTAGE  (V)  =  200 

NUMBER  OF  STACKS  =  4 

SURVEY  MODE  =  Reflection 

COLLECTED  BY  PEIOOO  -  CON:  930301  RX:  920510 

TX:  940207  ANT:  ?? 

PRESS  ANY  KEY  TO  EXIT 
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Soil  Analysis,  Turkey  Creek, 
Fort  Carson 
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WATER  CONTENT -GENERAL 


PROJECT. 


'72t  t 


1 - —  _ ^ ' _ " 

Sampie  or  Specimen  No. 

jj/.jr,  rf 

•  5'/ff 

/•  0  ^ 

L&.  /*.t 
StjHa.t.-<. 

r 

1 

J  0  /n 

Tare  No. 

^10 

Jol 

ss  d 

40U. 

Tare  plus  wet  soil 

44(0  S;. 

49.0^ 

44.31 

44.93 

4C.90 

•• 

E 

n 

W 

Tare  plus  dry  soil 

40.94 

.443  Jo 

44.  SI 

419s' 

4cJ6o 

i/s,4/ 

Water  ^ 

w 

5./^- 

f.9S- 

4./$r  2.clf 

4-0  7 

.2* 

Tare 

IS33 

ISS9 

IS  JO 

Is.  23 

/3-.  /' 

/4:  v-4 

Dry  soil  ^  ^ 

o7  Co^GS^ 

07.97 

Water  content  w 

/7'3G°^ 

!rJiS^ 

9.o4^ 

Sample  or  Specimen  No, 

o 

/.  e>/y^ 

D. 

Tare  No, 

I>S/ 

isi- 

m3. 

4So 

Tare  plus  wet  soil 

iis.74 

40.CO 

•V 

E 
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joJC 

9/.Cir 
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_c 
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w 

4.l( 

J,  !  0 

<■31 
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o 

5 

Tare 
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JA,0  7 
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/S-n  i 

!  5.  9S 

/S.  2% 

Dry  soil  ^  ^ 

2a,  5  7 

SkC,  fL 

3L?3 

c7  6.30 
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/L231. 

IS.  7f  ^ 

//.  CO’^ 

C 

Sample  or  Specimen  No, 

o^STy^- 

/.  o  ty\ 

Tare  No. 

a(o? 
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S43 

Tare  plus  wet  soil 
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E 

o 

o 

Tare  plus  dry  soil 

0444 
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c 

£  ■_ 

Water  W 

w 

4.6,1 

i-zs 

€> 

5 

Tare 

IS-  M 

/  5.4-6 

0757 

- 

Dry  foil  ^ 

*  J 

2074 

Jl.  13 

Water  content  w 

/(o.  7/ 

/s.Ss^ 
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(tare  plus  wet  toil)  —  (tare  plus  dry  soil) 
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FORM  ooon 

II  IM  AT  OIWO 


■  Computed  by . 
{EM  1110-.2--1906) 


Checked  by . 


U.S.  sryvjDW®  sieve  opening  n  inches  u.s.  standard  sieve  numbers  hydrometer 
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GRADATION  CURVE  _ |  LABORATORY  USAE-  WES  -  STF/GL 


SIEVE  ANALYSIS 


PROJECT:  FT.  CARSON,  TURKEY  CREEK 


BORING:  REG  1-1  SAMPLE:  DF:  MD4396B  .DAT 

DEPTH:  SURFACE  DATE:  23  OCT  96 

T.T.?  33  PL:  16  PI:  17  GS:  2.70  est  WC:  12.30 
CLASSIFICATION:  108 

SANDY  CLAY  (CL) ,  BROWN 


TOTAL  WEIGHT  OF  SAMPLE:  914.9  gms. 
PARTIAL  WEIGHT  AFTER  SPLIT:  53.1  gms. 


WEIGHTS 

SIEVE 

SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.  0 

3/8 

in 

9.500 

100.0 

.0 

1.2 

No 

3 

6.350 

99.9 

.1 

3.1 

No 

4 

4.750 

99.5 

.5 

8.5 

No 

6 

3.350 

98.6 

1.4 

24.3 

No 

10 

2.000 

95.9 

4.1 

1.0 

No 

16 

1.180 

94.1 

5.9 

2.9 

No 

20 

.850 

90.7 

9.3 

5.0 

No 

30 

.600 

86.9 

13.1 

8.6 

No 

40 

.425 

80.4 

19.6 

12.1 

No 

50 

.300 

74.1 

25.9 

13.3 

No 

70 

.212 

71.9 

28.1 

18.7 

No 

100 

.150 

62.2 

37.8 

21.2 

No 

140 

.106 

57.6 

42.4 

24.1 

No 

200 

.075 

52.4 

47.6 

HYDROMETER: 

RDGS 

TEMP 

14.5 

22 

.0 

.0498 

41.3 

58.7 

13.0 

22 

.0 

.0357 

37.0 

63.0 

11.6 

22 

.0 

.0256 

33 . 0 

67.0 

9.0 

22 

.0 

.0135 

25.5 

74.5 

8.1 

21 

.5 

.0097 

22.7 

77.3 

7.3 

21 

.5 

.0069 

20.4 

79.6 

6.5 

21 

.5 

.0049 

18.1 

81.9 

5.9 

21 

.5 

.0035 

16.4 

83.6 

4.7 

20 

.0 

.0015 

12.1 

87.9 

PERCENT  GRAVEL  =  .5 
PERCENT  SAND  =  47.1 
PERCENT  FINES  =52.4 
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U,S.  STANDARD  SIEVE  OPENING  N  INCHES  U5.  STANDARD  SIEVE  TWMBERS  HYDROMETER 
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GRADATION  CURVE  |  LABORATORY  USAE-  WES  -  STF/GL 


SIEVE  ANALYSIS 


PROJECT:  FT.  CARSON,  TURKEY  CREEK 


BORING:  REG  1-1 
DEPTH:  0.5M 


SAMPLE:  DF:  MD4396B  .DAT 

DATE:  23  OCT  96 


T.T.?  40  PL:  17  PI:  23  GS:  2.70  est  WC:  17.40 
CLASSIFICATION:  126 

SANDY  CLAY  (CL) ,  BRPEN 


TOTAL  WEIGHT  OF 

SAMPLE 

:  910.5 

gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  53.9 

gms. 

WEIGHTS 

SIEVE 

SIZE 

OPENING 

PERCENT 

PERCENT 

giQ. 

or  NUMBER 

mm 

FINER 

COARSER 

.  0 

3/4 

in 

19.100 

100.0 

.0 

5.9 

1/2 

in 

12.500 

99.4 

.  6 

.0 

3/8 

in 

9.500 

99.4 

.  6 

.0 

No 

3 

6.350 

99.4 

.  6 

.3 

No 

4 

4.750 

99.3 

.7 

2.3 

No 

6 

3.350 

99.1 

.9 

7.4 

No 

10 

2.000 

98.3 

1.7 

.7 

No 

16 

1.180 

97.0 

3 . 0 

1.5 

No 

20 

.850 

95.5 

4.5 

3.0 

No 

30 

.600 

92 . 8 

7.2 

4.7 

No 

40 

.425 

89.7 

10.3 

6.6 

No 

50 

.300 

86.2 

13.8 

8.7 

No 

70 

.212 

82.4 

17.6 

10.4 

No 

100 

.150 

79.3 

20.7 

12.3 

No 

140 

.106 

75.8 

24.2 

14.7 

No 

200 

.075 

71.5 

28.5 

HYDROMETER: 

RDGS 

TEMP 

20.0 

21 

.5 

.0477 

57.3 

42.7 

18.0 

21 

.5 

.0345 

51.5 

48.5 

16.0 

21 

.5 

.0249 

45.7 

54.3 

13.5 

21 

.5 

.0131 

38.5 

61.5 

12.5 

21 

.5  ■ 

.0094 

35.6 

64.4 

11.7 

21 

.5 

.0067 

33.3 

66.7 

10.4 

21 

.5 

.0048 

29.5 

70.5 

10.2 

21 

.5 

.0034 

29.0 

71.0 

7.0 

20 

.0 

.0014 

18.8 

81.2 

PERCENT  GRAVEL  =  .7 
PERCENT  SAND  =  27.9 
PERCENT  FINES  =  71.5 
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SIE\7E  ANALYSIS 

PROJECT:  FT.  CARSON,  TURKEY  CREEK 


BORING:  REG  1-1  SAMPLE:  DF:  MD4396B  .DAT 

DEPTH:  l.OM  DATE:  23  OCT  96 

LL:  37  PL:  15  PI:  22  GS:  2.70  est  WC:  14.40 
CLASSIFICATION:  144 

SANDY  CLAY  (CL) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  877.9  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  53.9  gills. 


WEIGHTS 

SIEVE 

SIZE 

gm. 

or  NUMBER 

.0 

3/8 

in 

1.7 

No 

3 

1.8 

No 

4 

3.4 

No 

6 

8.3 

No 

10 

.5 

No 

16 

1.4 

No 

20 

2.4 

No 

30 

4.2 

No 

40 

6.0 

No 

50 

7.7 

No 

70 

9.8 

No 

100 

11.8 

No 

140 

14.6 

No 

200 

HYDROMETER: 

RDGS 

TEMP 

20.0 

21 

.5 

18.0 

21 

.5 

15.8 

21 

.5 

12.6 

21 

.5 

11.9 

21 

.5 

10.9 

21 

.5 

9.9 

21 

.5 

8.6 

21 

.5 

6.4 

20 

.0 

OPENING 

PERCENT 

PERCENT 

mm 

FINER 

COARSER 

9.500 

100.0 

.0 

6.350 

99.8 

.2 

4.750 

99.6 

.4 

3.350 

99.2 

.8 

2.000 

98.3 

1.7 

1.180 

97.4 

2.6 

.850 

95.7 

4.3 

.600 

93.9 

6.1 

.425 

90.6 

9.4 

.300 

87.3 

12.7 

.212 

84.2 

15.8 

.150 

80.4 

19.6 

.106 

76.8 

23.2 

.075 

71.7 

28.3 

.0477 

57.3 

42.7 

.0345 

51.5 

48.5 

.0249 

45.2 

54.8 

.0132 

35.9 

64.1 

.0094 

33.9 

66.1 

.0067 

31.0 

69.0 

.0048 

28.1 

71.9 

.0034 

24.3 

75.7 

.0014 

17.1 

82.9 

PERCENT  GRAVEL  =  .4 
PERCENT  SAND  =  28.0 
PERCENT  FINES  =  71.7 
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SIEVE  ANALYSIS 


PROJECT:  FT.  CARSON,  TURKEY  CREEK 


BORING:  REG  4-1  SAMPLE:  DF:  MD4396B  .DAT 

DEPTH:  SURFACE  DATE:  23  OCT  96 

LL:  27  PL:  15  PI:  12  GS:  2.70  est  WC:  9.00 

CLASSIFICATION:  162 

CLAYEY  SAND  (SC) ,  BROWN;  WITH  GRAVEL 

TOTAL  WEIGHT  OF  SAMPLE:  938.8  gillS. 

PARTIAL  WEIGHT  AFTER  SPLIT:  54.6  gms. 

INSUFFICIENT  SAMPLE  FOR  ACCURATE  GRADATION 


WEIGHTS 

SIEVE 

:  SIZE  OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

1 

in 

25.000 

100.0 

.0 

36.1 

3/4 

in 

19.100 

96.2 

3.8 

11.8 

1/2 

in 

12.500 

94.9 

5.1 

8.2 

3/8 

in 

9.500 

94.0 

6.0 

8.9 

No 

3 

6.350 

93.1 

6.9 

8.1 

No 

4 

4.750 

92.2 

7.8 

10.7 

No 

6 

3.350 

91.1 

8.9 

23.1 

No 

10 

2.000 

88.6 

11.4 

1.0 

No 

16 

1.180 

87.0 

13.0 

2.8 

No 

20 

.850 

84.1 

15.9 

6.3 

No 

30 

.600 

78.4 

21.6 

10.3 

No 

40 

.425 

71.9 

28.1 

14.9 

No 

50 

.300 

64.4 

35.6 

19.2 

No 

70 

.212 

57.5 

42.5 

22.6 

No 

100 

.150 

51.9 

48.1 

25.7 

No 

140 

.106 

46.9 

53.1 

28.4 

No 

200 

.075 

42.5 

57.5 

HYDROMETER: 

RDGS 

TEMP 

12.5 

22 

.0 

.0507 

32.0 

68.0 

11.0 

22 

.0 

.0364 

28.1 

71.9 

10.0 

22 

.0 

.0259 

25.5 

74.5 

8.0 

22 

.  0 

.0136 

20.4 

79.6 

7.0 

21 

.5 

.0098 

17.5 

82.5 

6.8 

21 

.5 

.0070 

17.0 

83.0 

6.1 

21 

.5 

.0050 

15.2 

84.8 

5.2 

21 

.5 

.0035 

12.9 

87.1 

3.9 

20 

.0 

.0015 

8.8 

91.2 

PERCENT 

GRAVEL  =  7.8 

PERCENT 

SAND 

=  49.7 

PERCENT 

FINES 

=  42.5 
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US.  ST/NWRD  SIEVE  OPENING  N  INCHES  U5.  STANDARD  SIEVE  NUMBERS 
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SIEVE  ANALYSIS 


PROJECT:  FT.  CARSON,  TURKEY  CREEK 


BORING:  REG  4~1  SAMPLE:  DF:  MD4396B  .DAT 

DEPTH:  0.5M  DATE:  23  OCT  96 

LL:  39  PL:  16  PI:  23  GS:  2.70  est  WC:  16.00 
CLASSIFICATION:  180 

SANDY  CLAY  (CL) ,  BROWN 


TOTAL  WEIGHT  OF  SAMPLE:  926.3  gms. 
PARTIAL  WEIGHT  AFTER  SPLIT:  45.6  gms. 


WEIGHTS 

SIEVE 

SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

1/2 

in 

12.500 

100.0 

.  0 

1.5 

3/8 

in 

9.500 

99.8 

.2 

1.1 

No 

3 

6.350 

99.7 

.3 

1.0 

No 

4 

4.750 

99.6 

.4 

2.8 

No 

6 

3.350 

99.3 

.7 

12.5 

No 

10 

2.000 

98.0 

2.0 

.4 

No 

16 

1.180 

97.1 

2.9 

1.3 

No 

20 

.850 

95.2 

4.8 

2.2 

No 

30 

.  600 

93.2 

6.8 

3.9 

No 

40 

.425 

89.6 

10.4 

5.4 

No 

50 

.300 

86.4 

13.6 

7.1 

No 

70 

.212 

82.7 

17.3 

9.0 

No 

100 

.150 

78.6 

21.4 

10.6 

No 

140 

.106 

75.2 

24.8 

12.7 

No 

200 

.075 

70.7 

29.3 

HYDROMETER: 

RDGS 

TEMP 

15.4 

22 

.0 

.0494 

52.2 

47.8 

14.9 

22 

.0 

.0351 

50.5 

49.5 

13.5 

22 

.0 

.0251 

45.7 

54.3 

11.3 

22 

.0 

.0132 

38.2 

61.8 

10.3 

21 

.5 

.0096 

34.5 

65.5 

9.9 

21 

.5 

.0068 

33.1 

66.9 

9.0 

21 

.5 

.0048 

30.0 

70.0 

8.2 

21 

.5 

.0034 

27.3 

72.7 

6.3 

20 

.0 

.0014 

19.8 

80.2 

PERCENT  GRAVEL  =  .4 
PERCENT  SAND  =  28.9 
PERCENT  FINES  =  70.7 


EDE 


D  12 


Appendix  D 


US.  SWDARO  SIEVE  OPENING  N  INCHES  U.S,  STANDARD  SIEVE  MJMBERS  HYDROMETER 
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SIEVE  ANALYSIS 


PROJECT:  FT.  CARSON,  TURKEY  CREEK 


BORING:  REG  4-1  SAMPLE:  DF:  MD4396B  .DAT 

DEPTH:  l.OM  DATE:  23  OCT  96 


LL:  38  PL:  17  PI:  21  GS:  2.70  est  WC:  12.50 
CLASSIFICATION:  198 

SANDY  CLAY  (CL) ,  BROWN 


TOTAL  WEIGHT  OF  SAMPLE:  1027.0  gms. 
PARTIAL  WEIGHT  AFTER  SPLIT:  52.5  gms. 


WEIGHTS 

SIEVE 

SIZE  OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER  mm 

FINER 

COARSER 

.  0 

1/2 

in 

12.500 

100.0 

.0 

4.6 

3/8 

in 

9.500 

99.6 

.4 

6.4 

No 

3 

6.350 

98.9 

1.1 

3.3 

No 

4 

4.750 

98.6 

1.4 

5.3 

No 

6 

3.350 

98.1 

1.9 

19.2 

No 

10 

2.000 

96.2 

3.8 

.7 

No 

16 

1.180 

94.9 

5.1 

1.6 

No 

20 

.850 

93.3 

6.7 

2.9 

No 

30 

.600 

90.9 

9.1 

4.2 

No 

40 

.425 

88.5 

11.5 

5.7 

No 

50 

.300 

85.8 

14.2 

7.4 

No 

70 

.212 

82.7 

17.3 

8.8 

No 

100 

.  150 

80.1 

19.9 

10.5 

No 

140 

.106 

77.0 

23.0 

12.7 

No 

200 

.075 

72.9 

27.1 

ITYDROMETER: 

RDGS 

TEMP 

19.9 

21 

.5 

.0478 

57.3 

42.7 

17.8 

21 

.5 

.0345 

51.2 

48.8 

16.0 

21 

.5 

.0249 

46.0 

54.0 

14.3 

21 

.5 

.0130 

41.0 

59.0 

12.0 

21 

.5 

.0094 

34.3 

65.7 

11.4 

21 

.5 

.0067 

32 . 6 

67.4 

10.8 

21 

.5 

.0048 

30.9 

69.1 

9.6 

21 

.5 

.0034 

27.4 

72.6 

5.9 

20 

.5 

.0015 

16.0 

84.0 

PERCENT 

GRAVEL  = 

1.4 

PERCENT 

SAND 

= 

25.7 

PERCENT 

FINES 

= 

72.9 
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m 


WATER  CONTENT  -  GENERAL 


PROJECT 
BORING  NO. 


DATE,<^ 

(LM 


Sample  or  Specimen  No. 


Tare  No. 


Tare  plus  wet  soil 
E  Tare  plus  dry  soil 

Cl 

^  -  - 

o» 

S  Water 


*»  Tare 
5: 


'S- 

UliSEH 

s' 3. 

mwm 

ss.  / 

;2,9/  ^.70  i  t-6:>0 


Semple  or  Specimen  No. 

Tare  No. 

Tare  plus  wet  soil 

*» 

E 

a 

Tare  plus  dry  soil 

Ol 

c 

Water 

W  ‘ 
w 

xz 

JS? 

o 

5 

Tare 

1 

Dry  soil 

[w 

[  s 

Water  content 


% 

% 

% 

% 

% 

Sample  or  Spedmen  No. 


Tare  No. 


Tare  plus  wet  soil 
f  Tare  plus  dry  soil 

OS  ■  ■ 

•£  Water 
£  - 
s 

5  Tere 

pry  soil 


Water  content 


fsr.s//  /OS'// 


w 

19 

\mm 

(tare  plus  wet  soil)  —  (tare  plus  dry  soil) 
(tare  plus  dry  soil)  —  (tare) 


Ww 

x100->  —5^  xlOO 
Wc 


Remarks . 


,  Computed  by . 


Checked  by 


ENG  tJUN^sSSaS 


(BM  1110-2-1906) 


US.  SWNDARO  SIEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  NUMBERS 
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SIEVE  ANALYSIS 


PROJECT:  FORT  CARSON 
UPPER  10  CM 

BORING:  TURKEY  CREEK  SAMPLE:  DF:  MD4396  .DAT 

DEPTH:  27.5E-73N  DATE:  11  SEP  96 

IjL:  29  PL:  16  PI:  13  GS:  .00  WC;  7.40 

CLASSIFICATION:  118 

CLAYEY  SAND  (SC) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  82.7  gms. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.  0 

1.0 

No 

6 

3.350 

98.8 

1.2 

2.4 

No 

10 

2.000 

97.1 

2.9 

5.6 

No 

16 

1.180 

93.2 

6.8 

8.8 

No 

20 

.850 

89.4 

10.6 

14.3 

No 

30 

.600 

82.7 

17.3 

19.5 

No 

40 

.425 

76.4 

23.6 

26.0 

No 

50 

.300 

68.6 

31.4 

31.5 

No 

70 

.212 

61.9 

38.1 

37.8 

No 

100 

.150 

54.3 

45.7 

42.2 

No 

140 

.106 

49.0 

51.0 

46.3 

No 

200 

.075 

44.0 

56.0 

PERCENT 

GRAVEL  = 

.0 

PERCENT  SAND  =56.0 
PERCENT  FINES  =44.0 
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Appendix  D 


SIEVE  ANALYSIS 


PROJECT:  FORT  CARSON 
UPPER  10  CM 

BORING:  TURKEY  CREEK  SAMPLE:  DF:  MD4396  .DAT 

DEPTH:  40E-23N  DATE:  11  SEP  96 

jL:  27  PL:  14  PI:  13  GS:  .00  WC:  6.52 

CLASSIFICATION:  138 

CLAYEY  SAND  (SC) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  94.6  gms. 


WEIGHTS 

SIEVE 

:  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.  0 

No 

4 

4.750 

100.0 

.  0 

.2 

No 

6 

3.350 

99.8 

.2 

1.0 

No 

10 

2 . 000 

98.9 

1.1 

3.5 

No 

16 

1.180 

96.3 

3.7 

6.6 

No 

20 

.850 

93.0 

7.0 

13.0 

No 

30 

.600 

86.3 

13.7 

19.6 

No 

40 

.425 

79.3 

20.7 

28.0 

No 

50 

.300 

70.4 

29.6 

34.6 

No 

70 

.212 

63.4 

36.6 

41.7 

No 

100 

.150 

55.9 

44.1 

46.4 

No 

140 

.106 

51.0 

49.0 

50.7 

No 

200 

.075 

46.4 

53.6 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  53.6 
PERCENT  FINES  =  46.4 
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US.  STANOARO  SIEVE  OPENING  N  INCHES  [}S,  STANDARD  SIEVE  NUMBERS 
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SIEVE  ANALYSIS 


PROJECT:  FORT  CARSON 
UPPER  10  CM 

BORING:  TURKEY  CREEK  SAMPLE; 

DEPTH:  52.5E-85.5N  DATE:  11  SEP  96 


DF:  MD4396  .DAT 


LL:  28  PL;  16  PI:  12  GS:  .00 
PLASSIFICATION;  148 

SANDY  CLAY  (CL) ,  GRAY 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  118.4  gms. 

WEIGHTS  SIEVE  SIZE  OPENING  PERCENT 
gm.  or  NUMBER  mm  FINER 

.0  No  4  4.750  100.0 


9.01 


PERCENT 

COARSER 

.0 


.5 

2.0 

4.3 

6.7 

9.9 

16.1 

22.3 
28.1 
33.7 

38.3 
45.6 


No  6 
No  10 
No  16 
No  20 
No  30 
No  40 
No  50 
No  70 
No  100 
No  140 
No  200 


3.350 

2.000 

1.180 

.850 

.600 

.425 

.300 

.212 

.150 

.106 

.075 


99.6 

98.3 

96.4 

94.3 

91.6 

86.4 
81.2 
76.3 

71.5 

67.7 

61.5 


.4 

1.7 

3.6 

5.7 
8.4 

13.6 
18.8 

23.7 

28.5 
32.3 

38.5 


PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  38.5 
PERCENT  FINES  =61.5 
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US.  SXftNDARD  SIEVE  OPENING  N  INOES  (j.S.  STANDARD  SIEVE  NUMBERS 
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Appendix  D 


BORING  NO.  TRUKEY  CREEK  SAMPLE  NO. 

GRADATION  CURVE   LABORATORY  USAE-  WES  -  STF/g[  •^EPTH/ELEV  65E-10.5N  DATE  11  SEP  96 


SIEVE  ANALYSIS 


PROJECT:  FORT  CARSON 
UPPER  10  CM 

BORING:  TRUKEY  CREEK  SAMPLE:  DF:  MD4396  .DAT 

DEPTH:  65E-10.5N  DATE:  11  SEP  96 

LL:  26  PL:  16  PI:  10  GS:  .00  WC:  7.09 

CLASSIFICATION:  128 

CLAYEY  SAND  (SC) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  131.3  gms. 


WEIGHTS 

SIEVE  SIZE  OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.0 

2.0 

No 

6 

3.350 

98.5 

1.5 

5.9 

No 

10 

2.000 

95.5  . 

4.5 

10.4 

No 

16 

1.180 

92.1 

7.9 

14.5 

No 

20 

.850 

89.0 

11.0 

20.1 

No 

30 

.600 

84.7 

15.3 

29.9 

No 

40 

.425 

77.2 

22.8 

39.7 

No 

50 

.300 

69.8 

30.2 

48.5 

No 

70 

.212 

63.1 

36.9 

56.7 

No 

100 

.150 

56.8 

43.2 

62.5 

No 

140 

.106 

52.4 

47.6 

70.4 

No 

200 

.075 

46.4 

53.6 

PERCENT 

GRAVEL  =  .0 

PERCENT 

SAND 

=  53.6 

PERCENT  FINES  =  46.4 
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U.S.  SWJDARD  SIEVE  OPENING  N  INCHES  \)S.  STANDARD  SIEVE  NUMBERS 
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BORING  NO.  TURKEY  CREEK  SAMPLE  NO. 

GRADATION  CURVE  _  LABORATORY  USAE  WES  -  5TF/GL  77.5E-60.5N  DAT^  11  SEP  96 


SIEVE  ANALYSIS 


PROJECT:  FORT  CARSON 
UPPER  10  CM 

BORING:  TURKEY  CREEK  SAMPLE:  DF:  MD4396  .DAT 

DEPTH:  52.5E-85.5N  DATE:  11  SEP  96 

LL:  28  PL:  16  PI:  12  GS:  .00  WC:  9.01 

SIEVE  ANALYSIS 

PROJECT:  FORT  C^SON 
UPPER  10  CM 

BORING:  TURKEY  CREEK  SAMPLE:  DF:  MD4396  .DAT 

DEPTH:  77.5E-60.5N  DATE:  11  SEP  96 

LL:  30  PL:  16  PI:  14  GS:  .00  WC:  10.37 

CLASSIFICATION:  108 

SANDY  CLAY  (CL) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gias. 

PARTIAL  WEIGHT  AFTER  SPLIT:  85.2  gms. 

WEIGHTS  SIEVE  SIZE  OPENING  PERCENT  PERCENT 

gm.  or  NUMBER  mm  FINER  COARSER 

.0  No  4  4.750  100.0  .0 

.3  No  6  3.350  99.6  .4 

1.2  No  10  2.000  98.6  1.4 

2.9  No  16  1.180  96.6  3.4 

4.6  No  20  .850  94.6  5.4 

6.9  No  30  .600  91.9  8.1 

11.5  No  40  .425  86.5  13.5 

16.6  No  50  .300  80.5  19.5 

21.3  No  70  .212  75.0  25.0 

25.9  No  100  .150  69.6  30.4 

29.3  No  140  .106  65.6  34.4 

34.5  No  200  .075  59.5  40.5 


PERCENT  GRAVEL  =  . 0 
PERCENT  SAND  =  40.5 
PERCENT  FINES  =  59.5 
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Fort  Carson 
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PAGE  1 


DATA  SET:  TCI 


CLIENT :  Ft  Carson 
LOCATION ;  Turkey  Creek 
COUNTY :  Colorado  Springs 
PROJECT:  DARPA 
ELEVATION:  5750 . 00 

SOUNDING  COORDINATES:  X: 


10.0000  Y: 


DATE:  July  1996 
SOUNDING:  105J5 
AZIMUTH: 

EQUIPMENT: 

55.0000 


Schlumberger  Configuration 


FITTING  ERROR: 


1.758  PERCENT 


L  # 

RESISTIVITY 

THICKNESS 

ELEVATION  LONG.  COND. 

TRANS. 

(ohm-iti) 

(meters) 

(meters)  (Siemens) 

5750.0 

(Ohm-m 

1 

23.62 

0.510 

5749.4  0.0216 

12.05 

2 

44.58 

1.04 

5748.4  0.0234 

46.54 

3 

4 

ALL 

35.27 

54.97 

PARAMETERS  ARE 

1.39 

FREE 

5747.0  0.0395 

49.18 

No. 

SPACING 

(m) 

RHO-A  (ohm-m)  DIFFERENCE 

DATA  SYNTHETIC  (percent) 

1 

0.500 

19.79 

20.53 

-3.76 

2 

0.600 

21.62 

21.09 

2.43 

3 

0.700 

22.02 

21.72 

1.32 

4 

0.800 

22.37 

22.40 

-0.163 

5 

1.00 

24.26 

23.79 

1.93 

6 

1.00 

28.71 

28.15 

1.93 

7 

1.30 

29.75 

30.40 

-2.21 

8 

1.60 

30.74 

32.25 

-4.94 

9 

2.00 

34.53 

34.12 

1.16 

10 

2.50 

36.38 

35.77 

1 . 66 

11 

3.00 

37.29 

36.95 

0.909 

12 

4.00 

39.25 

38.65 

1.52 

13 

5.00 

39.70 

40.03 

-0.845 

14 

5.00 

39.58 

39.91 

-0.845 

15 

6.00 

40.89 

41.18 

-0.731 

16 

8.00 

43.40 

43.47 

-0.172 

17 

10.00 

45.09 

45.34 

-0.567 

18 

13.00 

47.82 

47.42 

0.832 

19 

16.00 

*  U.S. 

48.69 

ARMY  CORPS 

48.85 

OF  ENGINEERS  WWES  * 

-0.328 
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No. 

SPACING 

(m) 

RHO-A 

DATA 

(ohm-m) 

SYNTHETIC 

DIFFERENCE 

(percent) 

20 

20.00 

50.73 

50.11 

1.20 

21 

25.00 

50.87 

51.10 

-0.467 

22 

30.00 

52.78 

51.72 

1.98 

23 

30.00 

52.69 

51.64 

1.98 

24 

40.00 

51.64 

52.34 

-1.35 

25 

40.00 

53.14 

53.86 

-1.35 

26 

50.00 

53.81 

54.22 

-0.779 

27 

60.00 

54.16 

54.44 

-0.522 

PARAMETER 

RESOLUTION  MATRIX: 

llpH 

INDICATES  FIXED  PARAMETER 

P  1 

0.99 

P  2 

-0.01 

0.87 

P  3 

0.01 

0.11 

0.81 

P  4 

0.00 

0.00 

0.00 

1.00 

T  1 

-0.04 

-0.15 

0.10 

0.00 

0.75 

T  2 

0.00 

0.17 

-0.06 

-0.01 

0.12 

0.15 

T  3 

0.00 

0.07 

-0.30 

-0.01 

0.06 

0.14  0.21 

P  1 

P  2 

P  3 

P  4 

T  1 

T  2  T  3 

*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES 
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DATA  SET:  TC 

CLIENT:  WES  DATE:  1996 

LOCATION:  Fort  Carson,  CO,  Turkey  Creek  SOUNDING:  40,55 

COUNTY:  Colorado  Springs  AZIMUTH:  N-S 

PROJECT:  DARPA  UXO /Mines  EQUIPMENT:  VES 

ELEVATION:  6400.00 

SOUNDING  COORDINATES:  X:  40.0000  Y:  55.0000 

Schlumberger  Configuration 
FITTING  ERROR:  2.252  PERCENT 


L  #  RESISTIVITY  THICKNESS  ELEVATION  LONG.  COND.  TRANS.  RES. 

(ohm-m)  (meters)  (meters)  (Siemens)  (Ohm-m^2) 

6400.0 

1  20.72  1.02  6398.9 

2  458.0  1.47  6397.4 

3  26.82  5.85  6391.6 

4  66.74 

ALL  PARAMETERS  ARE  FREE 
PARAMETER  BOUNDS  FROM  EQUIVALENCE  ANALYSIS 
LAYER  MINIMUM  BEST  MAXIMUM 

RHO  1  19.871  20.721  21.572 

2  241.057  458.033  1371.757 

3  17.147  26.826  39.109 

4  59.055  66.743  77.371 

THICK  1  0.953  1.026  1.102 

2  0.513  1.480  2.981 

3  2.561  5.851  11.639 

DEPTH  1  0.953  1.026  1.102 

2  1.580  2.505  3.983 

3  5.089  8.356  14.126 

No.  SPACING  RHO-A  (ohm-m)  DIFFERENCE 

(m)  DATA  SYNTHETIC  (percent) 

1  0.500  22.00  21.28  3.26 

2  0.600  22.00  21.66  1.54 
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No. 

SPACING 

RHO-A  (ohm-m) 

DIFFERENCE 

(in) 

DATA 

SYNTHETIC 

(percent) 

3 

0.700 

22.00 

22.15 

10..721 

4 

0.800 

22.50 

22.77 

-1.23 

5 

1.00 

23.50 

24.37 

-3.70 

6 

1.30 

27.10 

27.50 

-1.50 

7 

1.60 

31.50 

31.26 

0.752 

8 

2.00 

36.30 

36.70 

-1.12 

9 

2.50 

42.80 

43.54 

-1.73 

10 

3.00 

49.00 

49.94 

-1.93 

11 

4.00 

62.40 

60.88 

2.42 

12 

5.00 

69.20 

69.29 

-0.133 

13 

6.00 

76.70 

75.46 

1.61 

14 

8.00 

85.70 

82.47 

3.76 

15 

10.00 

87.40 

84.49 

3.32 

16 

13.00 

80.80 

82.34 

-1.90 

17 

16.00 

75.60 

77.63 

-2.69 

18 

20.00 

70.00 

71.07 

-1.53 

19 

25.00 

63.50 

64.89 

-2.20 

20 

30.00 

62.10 

61.30 

1.27 

21 

40.00 

61.40 

59.08 

3.77 

22 

50.00 

59.80 

59.55 

0.403 

23 

60.00 

59.20 

60.60 

-2.37 

PARAMETER  RESOLUTION  MATRIX: 

up'll 

INDICATES  FIXED  PARAMETER 

P  1 

1.00 

P  2 

0.00  0.50 

P  3 

0.00  0.06 

0.53 

P  4 

0.00  -0.01 

0.06 

0.94 

T  1 

0.00  -0.03 

0.02 

-0.01  0. 

99 

T  2 

0.00  0.48 

0.08 

-0.02  0. 

02  0.47 

T  3 

0.00  0.02 

-0.36 

-0.09  0. 

00  0.02  0.27 

PI  P  2 

P  3 

P  4 

T  1  T  2  T  3 
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DATA  SET: 


CLIENT:  Waterways  Experiment  Station 

DATE:  July  1996 

LOCATION:  Fort  Carson,  CO,  Turkey 

Creek  SOUNDING:  70,55 

COUNTY:  Colorado 

Springs 

AZIMUTH:  N,S 

PROJECT:  DARPA  UXO/Mines 

EQUIPMENT:  VES 

ELEVATION :  6400.00 

SOUNDING  COORDINATES:  X: 

70. 

.0000  Y: 

55.0000 

Schlumberger 

Conf igurat ion 

FITTING  ERROR: 

2.025  PERCENT 

L  # 

RESISTIVITY 

THICKNESS 

ELEVATION  LONG. 

COND.  TRANS.  RE 

(ohm-m) 

(meters) 

(meters)  (Siemens)  (Ohm-m'' 2 

6400.0 

1 

24.50 

1.05 

6398.9  0. 

0432  25.97 

2 

614.0 

2.08 

6396.8  0. 

00340  1282.5 

3 

51.16 

ALL  PARAMETERS  ARE 

FREE 

No. 

SPACING 

RHO-A 

(ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

26.00 

25.13 

3.33 

2 

0.600 

26.00 

25.55 

1.70 

3 

0.700 

26.00 

26.11 

-0.449 

4 

0.800 

26.50 

26.81 

-1.19 

5 

1.00 

28.00 

28.62 

-2.24 

6 

1.30 

31.00 

32.25 

-4.05 

7 

1.60 

36.00 

36.68 

-1.90 

8 

2.00 

44.00 

43.26 

1.68 

9 

2.50 

52.00 

51.77 

0.438 

10 

3.00 

62.00 

60.04 

3.15 

11 

4.00 

77.00 

75.02 

2.56 

12 

5.00 

88.00 

87.63 

0.413 

13 

6.00 

95.00 

97.96 

-3.12 

14 

8.00 

110.0 

112.6 

-2.38 

15 

10.00 

120.0 

120.8 

-0.674 

16 

13.00 

125.0 

124.5 

0.351 

17 

16.00 

125.0 

121.9 

2.44 

18 

20.00 

115.0 

113.6 

1.17 

19 

25.00 

100.0 

101.1 

-1.14 

20 

30.00 

90.00 

89.61 

0.428 
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No. 

SPACING 

(m) 

RHO-A 

DATA 

(ohm-m) 

SYNTHETIC 

DIFFERENCE 

(percent) 

21 

40.00 

72.00 

73.05 

-J..46 

22 

50.00 

63.00 

63.81 

-1.29 

23 

60.00 

60.00 

58.89 

1.84 

PARAMETER  RESOLUTION  MATRIX: 
"F”  INDICATES  FIXED  PARAMETER 


P 

1 

1.00 

P 

2 

0.00 

0.70 

P 

3 

0.00 

0.00 

1.00 

T 

1 

0.00  • 

-0.02 

0.00 

1.00 

T 

2 

0.00 

0.31 

0.00 

0.02 

P  1 

P  2 

P  3 

T 
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DATA  SET: 


CLIENT;  Waterways  Experiment  Station 

DATE: 

July  1996 

LOCATION;  Fort  Carson,  CO,  Turkey 

Creek  SOUNDING: 

10055 

COUNTY:  Colorado 

Springs 

AZIMUTH: 

N,S 

PROJECT:  DARPA  UXO/Mines 

EQUIPMENT: 

VES 

ELEVATION:  6400.00 

SOUNDING  COORDINATES:  X; 

100. 

0000  Y: 

55.0000 

Schlumberger 

Configuration 

FITTING  ERROR: 

1.276  PERCENT 

L  # 

RESISTIVITY 

THICKNESS 

ELEVATION  LONG. 

COND. 

TRANS.  R; 

(ohm-m) 

(meters) 

(meters)  (Siemens) 

(Ohm-m^: 

6400.0 

1 

17.58 

0.507 

6399.4  0. 

0288 

8.92 

2 

545.0 

4.02 

6395.4  0. 

00739 

2194.3 

3 

51.90 

ALL 

PARAMETERS  ARE 

FREE 

No. 

SPACING 

RHO-A 

(ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

20.50 

21.02 

-2.56 

2 

0.600 

23.50 

22.93 

2.38 

3 

0.700 

25.50 

25.18 

1.24 

4 

0.800 

28.00 

27.67 

1.17 

5 

1.00 

32.50 

33.10 

-1.85 

6 

1.30 

41.00 

41.67 

-1.64 

7 

1.60 

50.00 

50.21 

-0.420 

8 

2.00 

61.00 

61.18 

-0.310 

9 

2.50 

75.00 

74.14 

1.14 

10 

3.00 

87.00 

86.22 

0.895 

11 

4.00 

110.0 

107.8 

1.99 

12 

5.00 

125.0 

126.0 

-0.866 

13 

6.00 

140.0 

141.2 

-0.887 

14 

8.00 

165.0 

163.1 

1.10 

15 

10.00 

173.0 

175.7 

-1.59 

16 

13.00 

180.0 

181.7 

-0.955 

17 

16.00 

178.0 

177.5 

0.257 

18 

20.00 

165.0 

163.7 

0.742 

19 

25.00 

142.0 

142.2 

-0.179 

20 

30.00 

122.0 

121.7 

0.192 
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No. 

SPACING 

(m) 

RHO-A 

DATA 

(ohm-m) 

SYNTHETIC 

DIFFERENCE 

(percent) 

21 

40.00 

92.00 

91.33 

0.726 

22 

50.00 

73.00 

73.92 

-1.26 

23 

60.00 

65.00 

64.66 

0.511 

PARAMETER  RESOLUTION  MATRIX; 
"F"  INDICATES  FIXED  PARAMETER 


P 

1 

1.00 

P 

2 

0.00 

0.98 

P 

3 

0.00 

0.00 

1.00 

T 

1 

0.00 

0.00 

0.00 

1.00 

T 

2 

0.00 

0.02 

0.00 

0.00 

P  1 

P  2 

P  3 

T 
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DATA  SET: 


CLIENT:  Waterways  Experiment  Station 
LOCATION:  Fort  Carson,  CO,  Turkey  Creek 
COUNTY :  Colorado  Springs 
PROJECT:  DARPA  UXO/Mines 
ELEVATION:  6400.00 

SOUNDING  COORDINATES:  X:  60.0000  Y: 


DATE: 

SOUNDING: 

AZIMUTH: 

EQUIPMENT: 


July  1996 

6S,3‘0 

E<W 

VES 


30.0000 


Schlumberger  Configuration 


FITTING  ERROR: 


1.207  PERCENT 


L  # 

RESISTIVITY 

THICKNESS 

ELEVATION  LONG.  COND. 

TRANS.  RES 

(ohm-m) 

(meters) 

(meters)  (Siemens) 

(Ohm-m" 2) 

6400.0 

1 

18.74 

0.706 

6399.2  0.0377 

13.24 

2 

293.1 

2.70 

6396.5  0.00922 

792.1 

3 

56.02 

ALL 

PARAMETERS  ARE 

FREE 

No. 

SPACING 

RHO-A  (ohm-m)  DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

20.50 

20.15 

1.66 

2 

0.600 

21.00 

21.04 

-0.192 

3 

0.700 

22.00 

22.14 

-0.649 

4 

0.800 

23.00 

23.44 

-1.92 

5 

1.00 

26.50 

26.52 

-0.0784 

6 

1.30 

32.00 

31.86 

0.415 

7 

1.60 

38.00 

37.52 

1.23 

8 

2.00 

45.00 

44.97 

0.0659 

9 

2.50 

53.00 

53.66 

-1.25 

10 

3.00 

62.00 

61.54 

0.730 

11 

4.00 

75.00 

74.87 

0.172 

12 

5.00 

85.00 

85.21 

-0.250 

13 

6.00 

93.00 

92.96 

0.0407 

14 

8.00 

103.0 

102.2 

0.713 

15 

10.00 

107.0 

105.6 

1.27 

16 

13.00 

103.0 

104.1 

-1.15 

17 

16.00 

97.00 

99.03 

-2.09 

18 

20.00 

90.00 

90.68 

-0.765 

19 

25.00 

82.00 

81.28 

0.874 

20 

30.00 

75.00 

74.15 

1.12 
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No. 

SPACING 

(m) 

RHO-A 

DATA 

(ohm-m) 

SYNTHETIC 

DIFFERENCE 

(percent) 

21 

40.00 

67.00 

65.66 

J..99 

22 

50.00 

62.00 

61.61 

0.613 

23 

60.00 

58.00 

59.59 

-2.75 

PARAMETER  RESOLUTION  MATRIX: 
"F"  INDICATES  FIXED  PARAMETER 


P 

1 

1.00 

P 

2 

0.00  0.97 

P 

3 

0.00  0.00 

1.00 

T 

1 

0.00  -0.01 

0.00 

1.00 

T 

2 

0.00  0.04 

0.00 

0.01 

PI  P  2 

P  3 

T 
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DATA  SET: 

CLIENT:  Waterways  Experiment  Station  DATE:  Jiily  1996 

LOCATION:  Fort  Carson,  CO,  Turkey  Creek  SOUNDING:  85,60 
COUNTY:  Colorado  Springs  AZIMUTH:  E,W 

PROJECT:  DARPA  UXO/Mines  EQUIPMENT:  VES 

ELEVATION:  6400.00 

SOUNDING  COORDINATES:  X:  ^8^0000  Y:  ^.0000 

Schlumberger  Configuration 
FITTING  ERROR:  2.357  PERCENT 


L  #  RESISTIVITY  THICKNESS  ELEVATION  LONG.  COND.  TRANS.  RES 
(ohm-m)  (meters)  (meters)  (Siemens)  (Ohm-m^2) 

6400.0 

1  21.88  1.06  6398.9 

2  500.4  2.29  6396.6 

3  53.46 

ALL  PARAMETERS  ARE  FREE 

No.  SPACING  RHO-A  (ohm-m)  DIFFERENCE 


(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

23.00 

22.43 

2.47 

2 

0.600 

23.00 

22.80 

0.857 

3 

0.700 

23.50 

23.29 

0.874 

4 

0.800 

24.00 

23.90 

0.376 

5 

1.00 

25.00 

25.50 

-2.01 

6 

1.30 

27.00 

28.69 

-6.29 

7 

1.60 

32.00 

32.60 

-1.88 

8 

2.00 

39.00 

38.41 

1.50 

9 

2.50 

47.00 

45.95 

2.22 

10 

3.00 

55.00 

53.30 

3.08 

11 

4.00 

68.00 

66.67 

1.95 

12 

5. 00 

80.00 

78.00 

2.49 

13 

6.00 

88.00 

87.38 

0.700 

14 

8.00 

98.00 

100.9 

-3.02 

15 

10.00 

105.0 

108.9 

-3.74 

16 

13.00 

110.0 

113.4 

-3.13 

17 

16.00 

112.0 

112 . 3 

-0.284 

18 

20.00 

108.0 

106.3 

1.50 

19 

25.00 

98.00 

96.63 

1.38 

20 

30.00 

88.00 

87.31 

0.774 
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No. 

SPACING 

(m) 

RHO-A 

DATA 

(ohm-m) 

SYNTHETIC 

DIFFERENCE 

(percent) 

21 

40.00 

75.00 

73.47 

2.03 

22 

50.00 

65.00 

65.44 

-0.683 

23 

60.00 

60.00 

61.00 

-1.67 

PARAMETER  RESOLUTION  MATRIX: 
"F"  INDICATES  FIXED  PARAMETER 


P 

1 

1.00 

P 

2 

0.00  0.80 

P 

3 

0.00  0.00 

1.00 

T 

1 

0.00  -0.01 

0.00 

1.00 

T 

2 

0.00  0.21 

0.00 

0.01 

PI  P  2 

P  3 

T 
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VERTICAL  SCHLUMBERGER  RESrgTIVITy  SURVEY 

Date:  Vz*/94. 

Project:  ‘  •  W- 

Test:  Z.  /o£  .  'c^i^ 

Area:  ~r^/ik0  . 

'  '  .  /■  .  . 

Weather: 

1  Observers:  ‘  ^ 

A/2 
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31. SS 
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8.0 
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16.0 
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311.02 
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0. 10H3 
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30.0 

L  3  5  1 
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VERTICAL  SCHLUMBERGER  RESISTIVITY  SURVEY 


Date:  y/z-o 


Test;  L  lo  £  ;  CerJr6/i. 


Weather: 
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VERTICAL  SCHLUMBERGER  RESISTIVITY  SURVEY 


Date:  7/2.0  ho> 


Project:  2>ARPA  Fr 


Area:  caCCk  RA^ic^H 


Observers:  J, 


A/-S 

Test:  i  /oo  B  ^ 
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Ot 
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EM  1110-1-1802 
31  May  79 


VERTICAL  SCHLUMBERGER  RESISTIVITY  SURVEY 
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r 
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OHM-FT 

REMARKS 

/  <5.2. 

3,1-1 

O 

S'tTf^ 

ill. 115 

'? 

2.^3 

« 

-Q _ 

-f>>K 

?.>a 

^3^0  0 

- 

o.z. 

/,  0 

/  s%  sT 

- 

o,s 

//D 

3^0 

c26>/  ?Cr  / 

/■  3 

G.o! 

SZ.IS^' 

(r  ^ 

^.n 

3S.C(e3 

KM 

iLL,  IK 

lh,%7. 

CK.  SV 

3.  o 

h'i.lZ 

JoZ  <11 

hTSf 

(ot,  to 

-4-2,00 

o.t 

.'tT/  o 

17,5'f 

B^if.} 

Jr.O 

r-  0 

Bf,9c,K 

b  ,o 

v^,7-T 

2^,/? 

jj,  'ft.. 

.9 

^1-,K 

'oi.H 

(0,0 

h  ’415 

lOlo.Ci/ 

0.9,f^(o 

l(p<0 

n.’/ih 

70  .9 

D.77-(^ 

Zlf.b'Z. 

d.  10,43 

_t0,l3 

*/.  D 

3^  f  0  1 

OAO(oL 

_5oM2> 

-ISjOT. 

^  0  ,  c>  < 

0.‘/43 

JLH.K 

l-L.nt) 

..4/0  ■ 

J 

f) :  o^HS 

/2S3.  3^ 

MKl 

(4o,o  , 

0. 

30  A  5? 

L>  *7,  £‘(a 

1 

47^.3/ 

L.I.’llfS 

T*  f  -  ■ 

< 

Sl.ci'j 

.  -■  • 

M  ,  N 


— i;  u-  L 


Pq  ~  RAir, 


[(H'-t] 


Figure  C— 6.  Data  sheet  for  Schluinherger  vertical  profiling  survey 

(prepared  by  WES) 

C-21 


/yookv^S 


E32 


Appendix  E 


T>/jr^ 


■MaaaaaiRiiii 


■MHanaBBi 


■M■■■■■■I|I||||||||■■■■|||||||||| 


..s»3iss5B:s:s:;!s»!n!iiisssKSK!ms!i _ 

- 


Hhbhbbiiimhimhhhhhiiiiiii 

- 


_ 11111 _ 


_ 


!HKSSE!»ii!i[tiS 

IlllilPHHBHIlillllllllllllllBllllllllill 


MvaaaaaiaiMHMbBaaii _ 

■■■■BBBMaiBaBaaBiiaii 

-■■■■BBBMHHBKHBBIIIII 


Pi _ 


aaiSI 

■■■■Bf 

HiilB 


iiiisi::!! 


BBBBHBVBI 

BSSSBES 

■■■■ill 


lllll' 
iiiiiiiiiL 

|■■■1IIIIIIIIIIL _ 

■BiBIBIBBBBBRBIIi - 

BBHBBBBBBIIIII 


BSi 


■■■■■ 

■■■■I 


_ BSSSSSBS 

i!iS»BS:SSSiK!!»i!BBESSIiB 


II 


Bail 

aSBBi 


■■■■aaaaiBii 
■■BBBaaBiiiiiii 
_  l■BBBBiBlllliii 

ESSnHBBBIIIIII 


BgiaiBmmniiiiHiiiiiiiiiiiiBaHiiiiwgiHi™^^ 

gSS5|E|sE|s:M!!??r - 

Saiislif 


SBESSlBli 

BSSHIIH 


iiii 


lESiBaissSsHhll  . 

iisB3.-s:[!H;[||»li! 

- l■■BBBiB■llli^ — 

■■■BaBiiiiiiii _ 

““  lliM  ■!“  " 

t 


iiliifii 

HlliiSiSm 


BBBI 


liillEEBEBKSSi  USB 


iiiiiliiiiiiiilf 
iilflf 


ill 


fl!i 

[eh 


BSSSIEEEEl 

mm. 


iMBaaiaiBBBBBaiiiii 
iHHBIBBBBBBlilli 

IsSSSSSSSSiEESE  _ 

IkHSSSSSEESEE  illilHSISEESE  Ii 


iBIBSBBEBEBSSiSKII 


SSEEH  EE  E  BBEEEBBIEESBSSflESBSSSESEE 


Elll 


iiiiSsi:ssEi:;| 


■■■■■■■■■■L _ 

■  ■IBiHBVBBBaBKIMIl 

■■l■i■■■aB■■■■^ - 

■BiaiBBBaBaiflr- 


iMBiaHlBBBaillBi 

aSEBBSEESBilsii 


EBBSBai____,..„ 

^BiaBBBBaaiiiii 
■■■■BBBBIBIIII... 
■■■■BBBIIBIlillli 


■■■BBBia  IIII 


BBBSBBEESSEEBBBSESEEEBSiE 

lEEIBSBBISBSBIBBEBBSSBBEEEil 

iiiiilifiiiiiiiilElfli 

ggiiliiisgir 


BBSSIIEH 


H 


E&SSSSSBSSli  .. 

JiBaaiiiiiiiiiii  iii  iMiiiiiii 

!!!BaB!!l!!!!!!!l  III  lllllllll 


9BEEESEBB 


-“nilaiiiir 


■■iliiiiiiiiii 


l■■■■■BBlL- 

EaBBgiiiff 
■■■llllll 

SBBEEEEEi 


Rl 

ESEIi 


BSBBBBBBESSSSEEBBSBSEEEEEIIIEl . . 

BBBBBBISHSSaBSBESIEEEEiilll  BBSISEEEil  II I 

BB31KeC!9BSS====HSBBB»""99e">!l!!!9S!>!9*!S*>|i9P«lirtl 


■naaii 


II  fill 


ESE 


SiEBIBBEBSaBBEiEiSIH 


E8!ilEE!l^!!>IBBB8IS3BSBIBBSBB3BEEaS!!SSEI 


filil 


Iii  . 
SiiilfSIl  II 


a 


bbsbbbbsE 

nBBBBBUl 


EBEIBBHIII 

BEEEEBBHEEEni 


liBEBKIlEBiiliiaaiBilBBBSBHBiiiBEEEEEjiiLBiiBiiBEiiii 
I  IfUf!!! !!  j|||l»ffSBSBBBBBEB|BEEIIIBI  BSEB^iSEil!! 
iilillij  ii  iBBEBBiiis»iiii§ii[iilillEI  iiiEiiiiir 


iiiliil 


mililBliliilHIll!!! 


aaSaa 


ESSSisSiSEsssSiaslE 

MtMMMBBMMBWMMaBHMI - ^ 


-JEMIIIi 

I  iS"" 


BBSIS 


mmmmmmmwL\ 


e  3  4  56789  10 


■■■■■■I 

■■■■■I 

llllf 

liiil 


^ilEsSEEESi 


iir 


Ell 


a 


EIBHBBEiB 

EBIBBinl 

HEBEBnl 

IHBIBBBE 


I  ML _ 

bMi 


m 


^  3  4  56789  10 


2  3  4  56-789  10 


Appendix  E 


4-.  — ■  ^0 


Pa=-R  A  71  [  (L/A)  2  -  1/4  ] 
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Appendix  F 

GPR  Profiles,  Turkey  Creek, 
Fort  Carson 
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Ft.  Carson,  Turkey  Creek  Ranch 
Line  lOE,  N-s  Profile,  0  to  100 
16/08/96 

NUMBER  OF  TRACES  =401 
NUMBER  OF  PTS/TRC  =375 
TIMEZERO  AT  POINT  =50 
TOTAL  TIME  WINDOW  =300 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  100.0000 
STEP  SIZE  USED  =  0.2500 
POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  50.00 
ANTENNA  SEPARATION  =  2.0000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =16 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  Carson,  Turkey  Creek  Ranch 
Line  60E,  N-S  Profile,  100  to  0 
16/08/96 

NUMBER  OF  TRACES  =  401 
NUMBER  OF  PTS/TRC  =375 
TIMEZERO  AT  POINT  =50 
TOTAL  TIME  WINDOW  =300 
ST2VRTING  POSITION  =  100.0000 
FINAL  POSITION  =  0.0000 

STEP  SIZE  USED  =  -0.2500 

POSITION  UNITS  =  metres 

N0MIN2UJ  FREQUENCY  =  50.00 
ANTENNA  SEPARATION  =  2.0000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =16 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  Carson,  Turkey  Creek  Ranch 
Line  60E,  N-S  Profile,  0  to  100 
16/08/96 

NUMBER  OF  TRACES  =  1003 
NUMBER  OF  PTS/TRC  =250 
TIMEZERO  AT  POINT  =31 
TOTAL  TIME  WINDOW  =  200 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  100.2000 

STEP  SIZE  USED  =  0.1000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  200.00 
ANTENNA  SEPARATION  =  0.5000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Fort  Carson,  Turkey  Creek  ranch 

Line  60E,  start  40N,  end  70N,  N-S,  900  MHz 

03/09/96 

NUMBER  OF  TRACES  =1495 

NUMBER  OF  PTS/TRC  =  400 

TIMEZERO  AT  POINT  =78 

TOTAL  TIME  WINDOW  =20 

STARTING  POSITION  =  40.0000 

FINAL  POSITION  =  70.0200 

STEP  SIZE  USED  =  0.0200 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  900.00 

ANTENNA  SEPARATION  =  0.1700 

PULSER  VOLTAGE  (V)  =200 

NUMBER  OF  STACKS  =  4 

SURVEY  MODE  =  Reflection 

COLLECTED  BY  PEIOOO  -  CON:  930301  RX:  920510 

TX:  940207  ANT:  ?? 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  Carson,  Turkey  Creek  Ranch 
Line  115E,  N-S  Profile,  0  to  100 
16/08/96 

NUMBER  OF  TRACES  =401 

NUMBER  OF  PTS/TRC  =375 

TIMEZERO  AT  POINT  =  57 
TOTAL  TIME  WINDOW  =  300 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  100.0000 

STEP  SIZE  USED  =  0.2500 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  50.00 
ANTENNA  SEPARATION  =  2.0000 
PULSER  VOLTAGE  (V)  =  400 
NUMBER  OF  STACKS  =16 

SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  Carson,  Turkey  Creek  Ranch 
Line  115E,  N-S  Profile,  100  to  0 
16/08/96 

NUMBER  OF  TRACES  =  1003 
NUMBER  OF  PTS/TRC  =250 
TIMEZERO  AT  POINT  =35 
TOTAL  TIME  WINDOW  =  200 
STARTING  POSITION  =  100.0000 
FINAL  POSITION  =  -0.2000 

STEP  SIZE  USED  =  -0.1000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  200.00 
ANTENNA  SEPARATION  =  0.5000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Fort  Carson,  Turkey  Creek  Ranch 

Line  115E,  start  40N,  end  70N,  N-S,  900  MHz 

03/09/96 

NUMBER  OF  TRACES  =  1497 

NUMBER  OF  PTS/TRC  =400 

TIMEZERO  AT  POINT  =  73 

TOTAL  TIME  WINDOW  =20 

STARTING  POSITION  =  40.0000 

FINAL  POSITION  =  70.1200 

STEP  SIZE  USED  =  0.0200 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  900.00 

ANTENNA  SEPARATION  =  0.1700 

PULSER  VOLTAGE  (V)  =200 

NUMBER  OF  STACKS  =  4 

SURVEY  MODE  =  Reflection 

COLLECTED  BY  PEIOOO  -  CON;  930301  RX:  920510 

TX:  940207  l^T;  ?? 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  Carson,  Turkey  Creek  Ranch 
Line  55N,  E-W  Profile,  125  to  0 
16/08/96 

NUMBER  OF  TRACES  =  501 
NUMBER  OF  PTS/TRC  =375 
TIMEZERO  AT  POINT  =  57 
TOTAL  TIME  WINDOW  =300 
STARTING  POSITION  =  125.0000 
FINAL  POSITION  =  0.0000 

STEP  SIZE  USED  =  -0.2500 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  50.00 
ANTENNA  SEPARATION  =  2.0000 
PULSER  VOLTAGE  (V)  =  400 
NUMBER  OF  STACKS  =16 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  Carson,  Turkey  Creek  Ranch 
Line  55N,  E-W  Profile,  0  to  125 
16/08/96 

NUMBER  OF  TRACES  =  1248 
NUMBER  OF  PTS/TRC  =  250 
TIMEZERO  AT  POINT  =45 
TOTAL  TIME  WINDOW  =200 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  125.1000 
STEP  SIZE  USED  =  0.1000 
POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  200.00 
AlITENNA  SEPARATION  =  0.5000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 

SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Fort  Carson,  Turkey  Creek  Ranch 

Line  55N,  start  45E,  end  75E,  E-W,  900  MHz 

03/09/96 

NUMBER  OF  TRACES  =  1503 

NUMBER  OF  PTS/TRC  =400 

TIMEZERO  AT  POINT  =  1 

TOTAL  TIME  WINDOW  =20 

STARTING  POSITION  =  45.000000 

FINAL  POSITION  =  75.040001 

STEP  SIZE  USED  =  0.020000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  900.000000 

ANTENNA  SEPARATION  =  0.170000 

PULSER  VOLTAGE  (V)  =200 

NUMBER  OF  STACKS  =  4 

SURVEY  MODE  =  Reflection 

COLLECTED  BY  PEIOOO  -  CON:  930301  RX:  920510 

TX:  940207  ANT:  ?? 

POSITIONS  RENUMBERED 

SOURCE  DATA  FILE  =  C:\EKKO\WORK\TC55900 
FIRST  BREAK  POINT  CORRECTED.  THRESHOLD  =  -10000 
FIRST  BREAK  SHIFT  APPLIED. 

TIMEZERO  DRIFT  CORRECTION  APPLIED 
PRESS  ANY  KEY  FOR  MORE 
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Soil  Analysis,  Firing  Point  20, 
FortAP.  Hill 
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Weight  In  grams 


WATER  CONTENT -GENERAL 


PROJECT 
BORING  NO. 

Sample  or  Specimen  No. 


?DATE. 


Tare  No. 
Tare  plus  wet  soil 
Tare  plus  dry  soil 


Dry  soil 
Water  content 


Sample  or  Specimen  No. 
Tare  No. 

Tare  plus  wet  soil 
Tare  plus  dry  soil 


WME,  SH) 

3lf‘ 


05PC  8^) 


A.O 
S-Q^ 


^/■50 


Q73£,  97aj} 

£>,£r 


(/Z3  e:97A^ 

S'/Sl. 


Water  content 


'6.HX 
15-'^  »| 


/5'i(p9^ 


% 


Sample  orSpedmen  No. 
Tare  No, 

Tare  plus  wet  soil 
^  Tare  plus  dry  soil 


Dry  soil 
Water  content 


C3£,fcOAlJ 

[ZC,leOH) 

(3^,  loOiJ) 

]-■ 

-5r/7 

-Hi 

5'^S 

- 

^,70 

¥3.% 

e; 

r a.0'1 

_ 

'  n 

w 

s 

9.5.1] 

w 

/S.3’' 

-//•7  « 

% 

% 

% 

(tare  plus  dry  soil)  —  (tare) 


W, 


xlOO^  ^  xiOO 


W 


I  Remarks. 


I  Technician . 


Computed  by . 


Checked  by . 


dbcG 
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US.  SWJDARO  SIM  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  NUMBERS 
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GRADATION  CURVE  |  LABORATORY  USAE  WES  -  STF/GL  SURFACE  DATE  j  05  NOV  96 


SIEVE  ANALYSIS 


PROJECT:  FT.  A.  P.  HILL 
FIRING  POINT  20 

BORING:  REG  1  SAMPLE:  DF:  MD4396D  .DAT 

DEPTH:  SURFACE  DATE:  05  NOV  96 

ILL:  24  PL:  16  PI:  8  GS :  2.70  est  WC:  15.80 
CLASSIFICATION:  108 

CLAYEY  SAND  (SC) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  60.0  gms. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

10 

2.000 

100.0 

.0 

.5 

No 

16 

1.180 

99.2 

.8 

2.0 

No 

20 

.850 

96.7 

3.3 

5.9 

No 

30 

.600 

90.2 

9.8 

11.0 

No 

40 

.425 

81.7 

18.3 

17.6 

No 

50 

.300 

70.7 

29.3 

24.3 

No 

70 

.212 

59.5 

40.5 

29.8 

No 

100 

.150 

50.3 

49.7 

34.0 

No 

140 

.  106 

43.3 

56.7 

36.3 

No 

200 

.  075 

.  39.5 

60.5 

HYDROMETER: 

RDGS 

TEMP 

14.0 

21 

.  0 

.0507 

36.3 

63.7 

13.1 

21 

.0 

.0361 

33.9 

66.1 

12.1 

21 

.  0 

.  0258 

31.2 

68.8 

9.5 

21 

.0 

.  0136 

24.4 

75.6 

7.8 

21 

.  0 

.0098 

19.9 

80.1 

7.0 

20 

.0 

.  0070 

17.2 

82.8 

6.7 

20 

.5 

.  0050 

16.7 

83.3 

4.0 

21 

.  0 

.  0036 

9.8 

90.2 

2.1 

21 

.5 

.  0015 

5.0 

95.0 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  60.5 
PERCENT  FINES  =  39.5 
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U.S.  srmm  sieve  opening  n  inches  u.s.  standard  sieve  numbers 
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BORING  NO.  REG  1  SAMPLE  NO. 

GRADATION  CURVE  |  LABORATORY  USAE  WES  -  STF/g  ^EPTH/ELEV  0.5M  DATE  J  05  NOV  96 


SIEVE  ANALYSIS 


PROJECT:  FT.  A.  P.  HILL 
FIRING  POINT  20 


BORING: 

REG  1 

SAMPLE: 

DF: 

MD4396D 

DEPTH: 

0.5M 

DATE:  05 

NOV  96 

LL:  32  PL:  17  PI:  15  GS:  2. 

CLASSIFICATION:  124 

SANDY  CLAY  (CL) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0 

PARTIAL  WEIGHT  AFTER  SPLIT:  57. 

70  est  WC 

gms. 

4  gms . 

:  19.30 

WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No  10 

2.000 

100.0 

.0 

.4 

No  16 

1.180 

99.3 

.7 

1.8 

No  20 

.850 

96.9 

3.1 

5.3 

No  30 

.600 

90.8 

9.2 

9.5 

No  40 

.425 

83.4 

16.6 

14.3 

No  50 

.300 

75.1 

24.9 

18.7 

No  70 

.212 

67.4 

32.6 

22.2 

No  100 

.  150 

■61.3 

38.7 

24.9 

No  140 

.106 

56.6 

43.4 

26.4 

HYDROMETER: 

RDGS 

No  200 

TEMP 

.075 

54.0 

46.0 

17.9 

21.0 

.0488 

48.7 

51.3 

17.6 

21.0 

.0346 

47.9 

52.1 

16.8 

21.0 

.0247 

45.7 

54 . 3 

13.5 

21.0 

.0131 

36.5 

63.5 

12.7 

21.0 

.0094 

34 . 3 

65.7 

11-0 

20.0 

.0068 

29 . 1 

70.9 

10.1 

21.0 

.  0048 

27.1 

72.9 

8.5 

21.0 

.  0034 

22.7 

77.3 

6.3 

21.5 

.0014 

16.9 

83.1 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  46.0 
PERCENT  FINES  =54.0 
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SIEVE  ANALYSIS 


PROJECT:  FT.  A.  P.  HILL 
FIRING  POINT  20 

BORING;  REG  1  SAMPLE:  DF;  MD4396DD.DAT 

DEPTH:  l.OM  DATE:  05  NOV  96 

NON-PLASTIC  GS;  2.67  est  WC:  7.20 

CLASSIFICATION;  140 

SILTY  SAND  (SM) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  576.3  gms . 

PARTIAL  WEIGHT  AFTER  SPLIT:  62.8  gms. 


WEIGHTS 

SIEVE 

SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

1/2 

in 

12.500 

100.0 

.0 

1.6 

3/8 

in 

9.500 

99.7 

.3 

3.6 

No 

3 

6.350 

99.1 

.9 

2.8 

No 

4 

4.750 

98.6 

1.4 

3.9 

No 

6 

3.350 

97.9 

2.1 

16.2 

No 

10 

2.000 

95.1 

4.9 

2.9 

No 

16 

1.180 

90.7 

9.3 

7.2 

No 

20 

.850 

84.2 

15.8 

14.1 

No 

30 

.  600 

73.8 

26.2 

20.9 

No 

40 

.  ,  .425 

63.5 

36.5 

28.3 

No 

50 

.300 

52.3 

47.7 

35.3 

No 

70 

.212 

41.7 

58.3 

41.2 

No  100 

.150 

32.7 

67.3 

46.0 

No  140 

.106 

25.4 

74 . 6 

49.1 

No  200 

.075 

20.8 

79.2 

HYDROMETER: 

RDGS 

TEMP 

6.7 

21. 

0 

.0545 

15.5 

84.5 

6.5 

21. 

0 

.  0386 

15.0 

85.0 

5.3 

21. 

0 

.0275 

12.1 

87 . 9 

4.8 

21. 

0 

.0143 

10.9 

89.1 

4.0 

20. 

0 

.  0103 

8.5 

91.5 

3.4 

21. 

0 

.0072 

7.5 

92 . 5 

3.3 

21. 

0 

.0051 

7.3 

92.7 

3.1 

21. 

0 

.  0036 

6.8 

93.2 

1.9 

21. 

5 

.0015 

4.1 

95.9 

PERCENT  GRAVEL  =  1.4 
PERCENT  SAND  =  77.9 
PERCENT  FINES  =  20.8 
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Appendix  G 


G9 


SIEVE  ANALYSIS 


PROJECT:  FT.  A.  P.  HILL 
FIRING  POINT  20 

BORING:  REG  4  SAMPLE:  DF:  MD4396D  .DAT 

DEPTH:  SURFACE  DATE:  05  NOV  96 

LL:  24  PL:  15  PI:  9  GS:  2.70  est  WC:  13.10 
CLASSIFICATION:  158 

SANDY  CLAY  (CL) ,  BROWN 


TOTAL  WEIGHT  OF  SAMPLE;  .0  gms . 

PARTIAL  WEIGHT  AFTER  SPLIT:  61.7  gms. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

10 

2.000 

100.0 

.0 

.4 

No 

16 

1.180 

99.4 

.  6 

2.0 

No 

20 

.850 

96.8 

3.2 

4.7 

No 

30 

.  600 

92.4 

7.6 

9.9 

No 

40 

.425 

84.0 

16.0 

15.1 

No 

50 

.300 

75.5 

24.5 

19.9 

No 

70 

.212 

67.7 

32.3 

25.3 

No 

100 

.  150 

59.0 

41.0 

28.5 

No 

140 

.  106 

53.8 

46.2 

30.5 

No 

200 

.075  , 

50.6 

49.4 

HYDROMETER: 

RDGS 

TEMP 

18.2 

21 

.  0 

.  0486 

46.1 

53 . 9 

17.0 

21 

.0 

.  0348 

43.0 

57.0 

15.8 

21 

.0 

.0249 

39.9 

60.1 

13.5 

21 

.  0 

.  0131 

34.0 

66.0 

10.0 

21 

.0 

.0096 

25.0 

75.0 

9.8 

20 

.0 

.0069 

23.9 

76.1 

8.1 

21 

.0 

.  0049 

20.1 

79.9 

5.8 

21 

.0 

.0035 

14.2 

85.8 

3.1 

21 

.5 

.0015 

7.5 

92.5 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  49.4 
PERCENT  FINES  =  50.6 


EDE  . 
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SIEVE  ANALYSIS 


PROJECT:  FT.  A.  P.  HILL 
FIRING  POINT  20 

BORING:  REG  4  SAMPLE:  DF:  MD4396D  .DAT 

DEPTH:  0.5M  DATE:  05  NOV  96 

LL:  32  PL:  16  PI:  16  GS:  2.70  est  WC:  16.00 
CLASSIFICATION:  174 

CLAYEY  SAND  (SC) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  56.7  gms. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

10 

2.000 

100.0 

.  0 

.5 

No 

16 

1.180 

99.1 

.  9 

2.2 

No 

20 

.850 

96.1 

3.9 

4.6 

No 

30 

.  600 

91.9 

8.1 

9.7 

No 

4.0 

.425 

82.9 

17.1 

14.6 

No 

50 

.300 

74.3 

25.7 

19.1 

No 

70 

.212 

66.3 

33.7 

24.6 

No 

100 

.  150 

56.6 

43.4 

27.8 

No 

140 

.  106 

51.0 

49.0 

29.8 

No 

200 

.  075 

47.4 

52.6 

HYDROMETER: 

RDGS 

TEMP 

15.0 

21 

.0 

.0502 

41.2 

58.8 

14.4 

21 

.  0 

.0357 

39.5 

60.5 

13.7 

21 

.0 

.0254 

37.5 

62.5 

12.0 

21 

.0 

.0133 

32.8 

67.2 

11.3 

20 

.0 

.0096 

30.3 

69.7. 

10.3 

20 

.0 

.0068 

27.5 

72.5 

9.6 

20 

.5 

.0049 

25.8 

74 . 2 

8.2 

21 

.0 

.  0034 

22.1 

77.9 

6.2 

21 

.5 

.0014 

16.8 

83.2 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  52.6 
PERCENT  FINES  =  47.4 
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SIEVE  ANALYSIS 


PROJECT:  FT.  A.  P.  HILL 
FIRING  POINT  20 

BORING:  REG  4  SAMPLE:  DF:  MD4396D  .DAT 


DEPTH:  1 

.OM 

DATE:  05 

NOV  96 

LL:  32  PL: 

15  PI: 

17 

GS:  2. 

70  est 

WC:  13.10 

CLASSIFICATION:  190 

CLAYEY 

SAND  (SC) 

,  BROWN;  WITH  GRAVEL 

TOTAL  WEIGHT  OF  SAMPLE: 

535.8 

gms. 

PARTIAL  WEIGHT  AFTER 

SPLIT 

':  61. 

5  gms. 

WEIGHTS 

SIEVE  SIZE  OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

nun 

FINER 

COARSER 

.0 

3/4  in 

19.100 

100.0 

.0 

4.3 

1/2  in 

12.500 

99.2 

.8 

2.4 

3/8  in 

9.500 

98.7 

1.3 

11.6 

No  3 

6.350 

96.6 

3.4 

13.7 

No  4 

4.750 

94 . 0 

6.0 

13.5 

No  6 

3.350 

91.5 

8.5 

37.8 

No  10 

2.000 

84.5 

15.5 

1.8 

No  16 

1.180 

82.0 

18.0 

4.5 

No  20 

.850 

78.3 

21.7 

9.7 

No  30 

.600 

71.1 

28.9 

15.2 

No  40 

.425 

63.6 

36.4 

21.0 

No  50 

.300 

55.6 

44.4 

26.3 

No  70 

.212 

48.3 

51.7 

30.8 

No  100 

.  150 

42.2 

57.8 

34.4 

No  140 

.  106 

37.2 

62.8 

36.8 

No  200 

.075 

33 . 9 

66.1 

HYDROMETER: 

RDGS 

TEMP 

13.3 

21.0 

.  0510 

28.4 

71.6 

13.0 

21.0 

.0361 

27.7 

72.3 

12.3 

21.0 

.0257 

26.2 

73.8 

10.8 

21.0 

.0135 

22.9 

77.1 

10.2 

20.0 

.0097 

21.2 

78.8 

9.9 

20.5 

.0069 

20.7 

79.3 

9.4 

20.5 

.0049 

19.6 

80.4 

8.1 

21.0 

.0034 

17.0 

83 . 0 

6.5 

21.5 

.0014 

13.7 

86.3 

PERCENT 

GRAVEL  = 

6.0 

PERCENT 

SAND 

60.1 

PERCENT 

FINES  .  = 

33.9 

EDE 
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Weight  In  grams  m  I  I  Weight  In  grams  |  |  |  |  Weight  Ingrams 


WATER  CONTENT  •  GENERAL 


PROJECT  -s/  i 
BORING 


Sample  or  Specimen  No.  FP. 


Tare  No. 


Tare  plus  wet  soil 


Tare  plus  dry  soil 


Water 


Tare 


Dry  soil 


Water  content 


./'Oo/n 


^0^ 


L>  \3%^3 


15,'hZ  /5'.5'0 


lample  or  Specimen  No. 


Tare  No. 


Tare  plus  wet  soil 


Tare  plus  dry  soil 


Water 


Tare 


Dry  soil 


Water  content 


(tare  plus  wet  soil)  —  (tare  plus  dry  soil)  ^  ^  Wyy  ^ 

(tare  plus  dry  soil)  ~  (tare)  Wj 


% 

% 

% 

% 

Remarks. 


ndbcG^^^.. 

GFORM  OQQC 
1  JUN  65  '5000 


-  Computed  by . 


(EM  1110-.2-1906) 


Checked  by  • 


US.  STANDARD  SIEVE  OPENING  U  INCHES  U.S.  STANDARD  SIEVE  NUMBERS 
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SIEVE  ANALYSIS 


PROJECT:  D.A.R.P.A. 

BORING:  FT  A.P.  HILL  SAMPLE:  FP20  DF:  MD4396A  .DAT 
DEPTH:  27.5E-73N  DATE:  18  SEP  96 


31  PL:  22  PI:  9  GS:  .00 
CLASSIFICATION:  108 

SILTY  CLAYEY  SAND  (SC) ,  GRAY 


WC:  18.00 


TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  115.4  gitis. 


WEIGHTS 

SIEVE 

!  SIZE  OPENING 

PERCENT 

perce: 

gm. 

or  NUMBER 

mm 

FINER 

COARS 

.  0 

No 

4 

4.750 

100.0 

.0 

.4 

No 

6 

3.350 

99.7 

.3 

1.1 

No 

10 

2.000 

99.0 

1.0 

3.2 

No 

16 

1.180 

97.2 

2.8 

6.8 

No 

20 

.850 

94.1 

5.9 

12.8 

No 

30 

.600 

88.9 

11.1 

24.7 

No 

40 

.425 

78.6 

21.4 

36.7 

No 

50 

.300 

68.2 

31.8 

47.8 

No 

70 

.212 

58.6 

41.4 

57.8 

No 

100 

.150 

49.9 

50.1 

63.5 

No 

140 

.106 

45.0 

55.0 

68.3 

No 

200 

.075 

40.8 

59.2 

PERCENT 

GRAVEL  = 

.0 

PERCENT 

SAND 

59.2 

PERCENT 

FINES 

= 

40.8 

EDE 
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Appendix  G 


SIEVE  ANALYSIS 


PROJECT:  D.A.R.P.A. 

/O 

BORING:  FT  A.P.  HILL  SAMPLE:  FP20  DF:  MD4396A  .DAT 
DEPTH:  40E-23N  DATE:  18  SEP  96 

LL:  29  PL:  18  PI:  11  GS:  .00  WC:  16.40 

CLASSIFICATION:  118 

CLAYEY  SAND  (SC) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  79.5  gms. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.0 

.2 

No 

6 

3.350 

99.7 

.3 

.4 

No 

10 

2.000 

99.5 

.5 

1.4 

No 

16 

1.180 

98.2 

1.8 

3.5 

No 

20 

.850 

95.6 

4.4 

8.7 

No 

30 

.600 

89.1 

10.9 

14.6 

No 

40 

.425 

81.6 

18.4 

22.4 

No 

50 

.300 

71.8 

28.2 

29.3 

No 

70 

.212 

63.1 

36.9 

37.5 

No 

100 

.150 

52.8 

47.2 

41.9 

No 

140 

.106 

47.3 

52.7 

44.3 

No 

200 

.075 

44.3 

55.7 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  55.7 
PERCENT  FINES  =  44.3 
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U.S.  Sr/SNCW®  SIEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  NUMBERS 
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Appendix  G 


BORING  NO.  FT  A.P.  HILL  SAMPLE  NO.  FP20 

GRADATION  CURVE  |  LABORATORY  USAE  WES  -  STfTgL  52.5E-85.5N  DATE  5  18  SEP  96 


SIEVE  ANALYSIS 


PROJECT:  D.A.R.P.A. 

/O  c.,vv. 

BORING:  FT  A.P.  HILL  SIMPLE:  FP20  DF:  MD4396A  .DAT 
DEPTH:  52.5E-85.5N  DATE:  18  SEP  96 

L:  26  PL:  19  PI:  7  GS:  .00  WC:  23.00 

LASSIFI CATION:  128 

SANDY  SILTY  CLAY  (CL) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

ARTIAL  WEIGHT  AFTER  SPLIT:  132.0  gms. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.0 

.1 

No 

6 

3.350 

99.9 

.1 

.5 

No 

10 

2.000 

99.6 

.4 

2.3 

No 

16 

1.180 

98.3 

1.7 

5.8 

No 

20 

.850 

95.6 

4.4 

11.7 

No 

30 

.600 

91.1 

8.9 

23.4 

No 

40 

.425 

82.3 

17.7 

35.7 

No 

50 

.300 

73.0 

27.0 

45.6 

No 

70 

.212 

•  65.5 

34.5 

52.6 

No 

100 

.150 

60.2 

39.8 

56.6 

No 

140 

.106 

57.1 

42.9 

60.2 

No 

200 

.075 

54.4 

45.6 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  45.6 
PERCENT  FINES  =  54.4 
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US.  SWJD/W)  SIEVE  OPENING  N  INOCS  U.S.  STANDARD  SIEVE  NUMBERS 
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SIEVE  ANALYSIS 


PROJECT:  D.A.R.P.A. 

/  o  (.'VO 

BORING:  FT  A.P.  HILL  SAMPLE:  FP20  DF:  MD4396A  .DAT 
DEPTH:  65E-10.5N  DATE:  18  SEP  96 

JLL:  31  PL:  19  PI:  12  GS:  .00  WC:  14.70 

CLASSIFICATION:  138 

CLAYEY  SAND  (SC) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gins. 

PARTIAL  WEIGHT  AFTER  SPLIT:  119.0  gms. 

WEIGHTS  SIEVE  SIZE  OPENING  PERCENT  PERCENT 

gm.  or  NUMBER  mm  FINER  COARSER 

.0  No  4  4.750  100.0  .0 

.1  No  6  3.350  99.9  .1 

.4  No  10  2.000  99.7  .3 

1.9  No  16  1.180  98.4  1.6 

5.1  No  20  .850  95.7  4.3 

12.8  No  30  .600  89.2  10.8 

21.1  No  40  .425  82.3  17.7 

31.5  No  50  .300  73.5  26.5 

40.6  No  70  .212  65.9  34.1 

51.6  No  100  .150  56.6  43.4 

57.6  No  140  .106  51.6  48.4 

61.3  No  200  .075  48.5  51.5 

PERCENT  GRAVEL  =  .0 

PERCENT  SAND  =  51.5 
PERCENT  FINES  =  48.5 
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US.  ST^DARD  SIEVE  OPENING  N  INOCS  U.S.  STANDARD  SIEVE  NUMBERS 
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Appendix  G 


SIEVE  ANALYSIS 


PROJECT:  D.A.R.P.A. 
tA-PPeT/S,  /O 

BORING:  FT  A.P.  HILL  SAMPLE:  FP20  DF:  MD4396A  .DAT 
DEPTH:  77.5E-60.5N  DATE:  18  SEP  96 

IL:  24  PL:  17  PI:  7  GS:  .00  WC:  21.40 

ILASSIFICATION:  148 

CLAYEY  SAND  (SC) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  119.6  gms. 


:IGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.0 

.0 

No 

6 

3.350 

100.0 

.0 

.5 

No 

10 

2.000 

99.6 

.4 

2.4 

No 

16 

1.180 

98.0 

2.0 

5.6 

No 

20 

.850 

95.3 

4.7 

11.1 

No 

30 

.600 

90.7 

9.3 

22.1 

No 

40 

.425 

81.5 

18.5 

34.1 

No 

50 

.300 

71.5 

28.5 

45.5 

No 

70 

.212 

62.0 

38.0 

55.2 

No 

100 

.150 

53.8 

46.2 

60.6 

No 

140 

.106 

49.3 

50.7 

64.9 

No 

200 

.075 

45.7 

54.3 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  54.3 
PERCENT  FINES  =  45.7 
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Appendix  H 
Electrical  Resistivity 
Sounding  Data,  Firing 
Point  20,  FortA.P.  Hill 


Appendix  H 


FP20-1 


PAGE  1 


DATA  SET:  FP20-1 


CLIENT:  Waterways 

Experiment  Station 

DATE: 

Aug  .1996 

LOCATION:  Fort  A.P. 

Hill,  FP 

20 

SOUNDING: 

15,55 

COUNTY:  Fredricksburg,  VA 

AZIMUTH: 

N,S 

PROJECT:  DARPA  UXO/Mines 

EQUIPMENT: 

VES 

ELEVATION:  165.00 

SOUNDING  COORDINATES 

:  X: 

15.0000  Y: 

55.0000 

Schlumberger 

Conf igurat ion 

L  # 

RESISTIVITY  ' 

THICKNESS 

ELEVATION 

LONG.  COND. 

TRANS.  RES 

(ohm-m) 

(meters) 

(meters) 

(Siemens) 

(Ohm-m" 2) 

165.0 

1 

852.0 

0.216 

164.7 

2.539E-04 

184.2 

2 

309.8 

2.14 

162.6 

0.00693 

665.6 

3 

1383.4 

7.99 

154.6 

0.00578 

11060.8 

4 

90.00  * 

"*"  INDICATES  FIXED 

PARAMETER 

No. 

SPACING 

RHO-A  ( ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

544.0 

2 

0.600 

500.0 

3 

0.700 

450.0 

4 

0.800 

399.0 

5 

1.00 

382.0 

6 

1.30 

340.0 

7 

1.60 

340.0 

8 

2.00 

350.0 

9 

2.50 

370.0 

10 

3.00 

400.0 

11 

4.00 

450.0 

12 

5.00 

490.0 

13 

6.00 

550.0 

14 

8.00 

640.0 

15 

10.00 

660.0 

16 

13.00 

720.0 

17 

16.00 

720.0 

18 

20.00 

680.0 

19 

25.00 

620.0 

20 

30.00 

520.0 

21 

40.00 

320.0 

*  U.S.  AEMY  CORPS  OF  ENGINEERS  WWES  * 
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FP20-2 


PAGE  1 


DATA  SET:  FP20-2 


CLIENT :  Waterways 

Experiment  Station 

DATE:  Aug. 1996 

LOCATION:  Fort  A.P. 

Hill,  FP 

20  SOUNDING:  60,55 

COUNTY:  Fredricksburg,  VA 

AZIMUTH:  E,W 

PROJECT:  DARPA  UXO/Mines 

EQUIPMENT:  VES 

ELEVATION :  165.00 

SOUNDING  COORDINATES 

:  X: 

60.0000  Y: 

55.0000 

Sch lumber ger 

Conf  igurat  ion 

FITTING  ERROR: 

2.134  PERCENT 

L  # 

RESISTIVITY  THICKNESS 

ELEVATION  LONG. 

COND.  TRANS.  RES 

(ohm-m) 

(meters) 

(meters)  (Siemens)  (Ohm-m'"  2) 

165.0 

1 

982.8 

0.319 

164.6  3.249E-04  313.8 

2 

482.2 

3.13 

161.5  0. 

00649  1509.3 

3 

2466.2 

5.25 

156.2  0. 

00213  12951.5 

4 

90.00  * 

INDICATES  FIXED 

PARAMETER 

No. 

SPACING 

RHO-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

820.0 

837.4 

-2 . 13 

2 

0. 600 

800.0 

785.7 

1.78 

3 

0.700 

750.0 

738.0 

1.58 

4 

0.800 

700.0 

696.5 

0.498 

5 

1.00 

620.0 

632.6 

-2.03 

6 

1.30 

570.0 

575.3 

-0.940 

7 

1.60 

550.0 

546.8 

0.573 

8 

2.00 

530.0 

531.9 

-0.359 

9 

2.50 

540.0 

531.6 

1.55 

10 

3.00 

550.0 

542.0 

1.43 

11 

4.00 

580.0 

580.5 

-0.0876 

12 

5.00 

620.0 

630.6 

-1.71 

13 

6.00 

660.0 

683.7 

-3.60 

14 

8.00 

780.0 

779.5 

0.0632 

15 

10.00 

870.0 

847.5 

2.58 

16 

13.00 

900.0 

894.5 

0.608 

17 

16.00 

900.0 

889.1 

1.20 

18 

20.00 

850.0 

830.0 

2.34 

19 

25.00 

720.0 

716.8 

0.444 

*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES  * 
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-  FP20-2  - PAGE  2 

No.  SPACING  RHO-A  (ohm-m)  DIFFERENCE 

(m)  DATA  SYNTHETIC  (percent) 

20  30.00  560.0  594.8  -6.21 

21  40.00  400.0  389.7  2.57 


PARAMETER  RESOLUTION  MATRIX: 

"F"  INDICATES  FIXED  PARAMETER 
P  1  0.97 

P  2  -0.01  0.99 

P  3  -0.01  -0.01  0.58 

F  4  0.00  0.00  0.00  0.00 

T  1  0.05  0.02  0.02  0.00  0.89 

T  2  -0.02  -0.02  -0.12  0.00  0.04  0.94 

T  3  0.01  0.01  0.44  0.00  -0.02  0.12  0.53 

PI  P2  P3  F4  T1  T2  T3 


*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES  * 
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for:  Waterways  Experiment  Station 

by:  U.S.  ARMY  CORPS  OF  ENGINEERS  HWES 


FP20-3 


PAGE  1 


DATA  SET:  FP20-3 


CLIENT; 

LOCATION: 

COUNTY; 

PROJECT: 

ELEVATION: 


Waterways  Experiment  Station 
Fort  A.P.  Hill,  FP  20 
Fredericksburg,  VA 
DARPA  UXO/Mines 
165.00 


SOUNDING  COORDINATES:  X: 


115.0000  Y: 


DATE: 

SOUNDING; 

AZIMUTH: 

EQUIPMENT; 


Aug  .1996 
11555 
N,S 
VES 


55.0000 


Schlxmberger  Configuration 
FITTING  ERROR:  1.602  PERCENT 


L  # 

RESISTIVITY 

THICKNESS 

ELEVATION  LONG.  COND. 

TRANS.  RES 

(ohm-m) 

(meters) 

(meters) 

(Siemens) 

(Ohm-m^2) 

165.0 

1 

589.8 

1.41 

163.5 

0.00240 

836.4 

2 

1356.2 

13.31 

150.2 

0.00982 

18058.7 

3 

92.18 

ALL 

PARAMETERS  ARE 

FREE 

No. 

SPACING 

RHO-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

580.0 

592.2 

-2.11 

2 

0.600 

580.0 

594.0 

-2.42 

3 

0.700 

590.0 

596.4 

-1.08 

4 

0.800 

600.0 

599.4 

0.0903 

5 

1.00 

620.0 

607.6 

1.99 

6 

1.30 

640.0 

625.1 

2.32 

7 

1.60 

660.0 

648.0 

1.80 

8 

2.00 

700.0 

684.7 

2.17 

9 

2.50 

740.0 

735.2 

0.636 

10 

3.00 

770.0 

786.0 

-2.08 

11 

4.00 

850.0 

877.1 

-3.18 

12 

5.00 

950.0 

949.5 

0.0444 

13 

6.00 

1000.0 

1004.9 

-0.495 

14 

8.00 

1100.0 

1076.3 

2.14 

15 

10.00 

1120.0 

1109.9 

0.893 

16 

13.00 

1100.0 

1112.7 

-1.15 

17 

16.00 

1080.0 

1076.4 

0.326 

18 

20.00 

1000.0 

990.7 

0.926 

19 

25.00 

850.0 

854.3 

-0.517 

20 

30.00 

700.0 

712.8 

-1.82 

*  U.S. 

ARMY  CORPS 

OF  ENGINEERS 

WWES  * 
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No.  SPACING 

(m) 


RHO-A  (ohm-m) 

DATA  SYNTHETIC 


21  40.00 

22  50.00 

23  60.00 


480.0 

310.0 

215.0 


472.0 

311.0 

215.1 


PARAMETER  RESOLUTION  MATRIX: 
"F"  INDICATES  FIXED  PARAMETER 


p 

1 

1.00 

p 

2 

0.00 

1.00 

p 

3 

0.00 

0.00 

0.99 

T 

1 

0.00 

0.00 

0.00 

1.00 

T 

2 

0.00 

0.00 

0.00 

0.00 

p  1 

P  2 

P  3 

T 

*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES 


DIFFERENCE 

(percent) 

1.65 

-0.328 

-0.0921 
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Logarithmic,  3  x  3  Cycles 


III— 


’SiaHiSniS 


■■■■■■■■■■■■■"■■■■■iiiiiniiii  . 


SSSSSSSSBSSiiiiiiiimBBBiiiimii! 


'**■* '■■■■'■•■■■■■■■aSS5nSSSiSS£SS£SS£!SSSSS!f!!*!!*!**B*B'<*  ■*■■■■■»£>■■  SIIISSSSMSsSSSS£S£SS?"ss****B«*a>SS£5S5SnSSSSSSSSSSS!Zsi 

•Es:::;;::::::iissss::::EEE=E=~**-”"''”»--"ss»»""::s:s5s:s:;ssasis£si::»'"">"---ss»ss:»i::ssssssss 

IfiijiiiS^ 


iiH91ilf|[lililiiii||liiiiS^ 


6  7  8  9  to 


7  8  9  10 


Appendix  H 


Logarithmic,  3  x  3  Cycles 


VERTICAL  SCHLUMBERGER  RESISTIVITY  SURVEY 
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Weather: 
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Ft.  A.P.  Hill,  Firing  Point  20 

Line  15E,  start  100  end  0,  n-s  profile,  50  mhz 

22/08/96 

NUMBER  OF  TRACES  =502 
NUMBER  OF  PTS/TRC  =375 
TIMEZERO  AT  POINT  =75 
TOTAL  TIME  WINDOW  =  300 
STARTING  POSITION  =  100.0000 
FINAL  POSITION  =  -0.2000 

STEP  SIZE  USED  =  -0.2000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  50.00 
AlfTENNA  SEPARATION  =  2.0000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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100-0 


Ft.  A.p.  Hill,  Firing  Point  20 
Line  15E,  100  MHz,  N-S  Profile, 
21/08/96 

number  of  traces  =502 

NUMBER  OF  PTS/TRC  =  250 
TIMEZERO  AT  POINT  =  55 
TOTAL  TIME  WINDOW  =  200 
STARTING  POSITION  =  100.000000 
FINAL  POSITION  =  -0.200001 

STEP  SIZE  USED  =  -0.200000 

POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  100.000000 
ANTENNA  SEPARATION  =  1.000000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

POSITIONS  RENUMBERED 
PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill/  Firing  Point  20 

Line  15E/  200  MHz,  N-S  Profile,  100-0 

21/08/96 

NUMBER  OF  TRACES  =  1005 
NUMBER  OF  PTS/TRC  =  250 
TIMEZERO  AT  POINT  =32 
TOTAL  TIME  WINDOW  =  200 
STARTING  POSITION  =  100.0000 
FINAL  POSITION  =  -0.4000 

STEP  SIZE  USED  =  -0.1000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  200.00 
ANTENNA  SEPARATION  =  0.5000 
PULSER  VOLTAGE  (V)  =  400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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f.  .-  f 


Ft.  A.P.  Hill/  Firing  Point  20 

Line  15E,  start  4 ON,  end  VON,  N-S,  900  MHz 

27/08/96 

NUMBER  OF  TRACES  =  487 

NUMBER  OF  PTS/TRC  =399 

TIMEZERO  AT  POINT  =24 

TOTAL  TIME  WINDOW  =  19 

STARTING  POSITION  =  40.000000 

FINAL  POSITION  =  70.000000 

STEP  SIZE  USED  =  0.061728 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  '=  900.000000 

ANTENNA  SEPARATION  =  0.170000 

PULSER  VOLTAGE  (V)  =  200 

NUMBER  OF  STACKS  =  4 

SURVEY  MODE  =  Reflection 

COLLECTED  BY  PEIOOO  -  CON:  960345  RX:  960435 

TX:  960441  ANT:  960321/22 
SOURCE  DATA  FILE  =  C:\EKKO\WORK\FP20159 
THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 

THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 

THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 
TRACES  REPOSITIONED. 

PRESS  ANY  KEY  FOR  MORE 


Appendix  I 


T!m*  (nt) 


110 


Appendix  I 


Depth  (m)v-O.HO  m/nj 


Ft.  A.P.  Hill,  Firing  Point  20 
Line  60E,  start  0  end  100,  n-s  profile,  50  mhz 
22/08/96 

NUMBER  OF  TRACES  =502 
NUMBER  OF  PTS/TRC  =375 
TIMEZERO  AT  POINT  =69 
TOTAL  TIME  WINDOW  =  300 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  100.2000 
STEP  SIZE  USED  =  0.2000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =50.00 
ANTENNA  SEPARATION  =  2.0000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill,  Firing  Point  20 

Line  60E,  start  100  end  0,  n-s  profile,  100  mhz 
22/08/96 

NUMBER  OF  TRACES  =504 
NUMBER  OF  PTS/TRC  =  250 
TIMEZERO  AT  POINT  =43 
TOTAL  TIME  WINDOW  =200 
STARTING  POSITION  =  100.000000 
FINAL  POSITION  =  -0.600002 
STEP  SIZE  USED  =  -0.200000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  100.000000 
ANTENNA  SEPARATION  =  1.000000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

POSITIONS  RENUMBERED 
PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill,  Firing  Point  20 
Line  60E,  200  MHz,  N-S  Profile, 


21/08/96 

NUMBER  OF  TRACES 
NUMBER  OF  PTS/TRC  = 
TIMEZERO  AT  POINT  = 
TOTAL  TIME  WINDOW  = 
STARTING  POSITION  = 
FINAL  POSITION 
STEP  SIZE  USED 
POSITION  UNITS 
NOMINAL  FREQUENCY  = 
ANTENNA  SEPARATION  = 
PULSER  VOLTAGE  (V)  = 
NUMBER  OF  STACKS  = 
SURVEY  MODE 
PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill/  Firing  Point  20 

Line  60E,  start  40N/  end  70N,  N-S,  900  MHz 

27/08/96 

NUMBER  OF  TRACES  =  475 

NUMBER  OF  PTS/TRC  =  400 

TIMEZERO  AT  POINT  =86 

TOTAL  TIME  WINDOW  =20 

STARTING  POSITION  =  40.000000 

FINAL  POSITION  =  70.000000 

STEP  SIZE  USED  =  0.063291 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  900.000000 

ANTENNA  SEPARATION  =  0.170000 

PULSER  VOLTAGE  (V)  =200 

NUMBER  OF  STACKS  =  4 

SURVEY  MODE  =  Reflection 

COLLECTED  BY  PEIOOO  -  CON:  960345  RX:  960435 

TX:  960441  ANT:  960321/22 
SOURCE  DATA  FILE  =  C:\EKKO\WORK\FP20609 
THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 

THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 
TRACES  REPOSITIONED. 

PRESS  ANY  KEY  TO  EXIT 
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Depth  (m)v‘ 


Ft.  A.P.  Hill,  Firing  Point  20 

Line  115E,  start  lOO  end  0,  n-s  profile,  50  mhz 
22/08/96 

NUMBER  OF  TRACES  =502 
NUMBER  OF  PTS/TRC  =  375 
TIMEZERO  AT  POINT  =53 
TOTAL  TIME  WINDOW  =  300 
STARTING  POSITION  =  100.0000 
FINAL  POSITION  =  -0.4000 

STEP  SIZE  USED  =  -0.2000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  50.00 
ANTENNA  SEPARATION  =  2.0000 
PULSER  VOLTAGE  (V)  =  400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 


Appendix  f 


Ft.  A.P.  Hill/  Firing  Point  20 

Line  115E,  start  0  end  100/  n-s  profile/  100  mhz 
22/08/96 

NUMBER  OF  TRACES  =503 
NUMBER  OF  PTS/TRC  =250 
TIMEZERO  AT  POINT  =45 
TOTAL  TIME  WINDOW  =200 
STILTING  POSITION  =  0.0000 
FINIU^  POSITION  =  100.4000 

STEP  SIZE  USED  =  0.2000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  100.00 
ANTENNA  SEPARATION  =  1.0000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill,  Firing  Point  20 

Line  115E,  200  MHz,  N-S  Profile,  100-0 

21/08/96 

NUMBER  OF  TRACES  =  1006 
NUMBER  OF  PTS/TRC  =  250 
TIMEZERO  AT  POINT  =  17 
TOTiy^  TIME  WINDOW  =200 
STARTING  POSITION  =  100.0000 
FINAL  POSITION  =  -0.5000 

STEP  SIZE  USED  =  -0.1000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  200.00 
ANTENNA  SEPARATION  =  0.5000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill,  Firing  Point  20 

Line  115E,  start  40N,  end  70N,  N-S,  900  MHz 

27/08/96 

NUMBER  OF  TRACES  =395 

NUMBER  OF  PTS/TRC  =400 

TIMEZERO  AT  POINT  =71 

TOTAL  TIME  WINDOW  =20 

STARTING  POSITION  =  40.000000 

FINAL  POSITION  =  70.000000 

STEP  SIZE  USED  =  0.076142 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  900.000000 

ANTENNA  SEPARATION  =  0.170000 

PULSER  VOLTAGE  (V)  =  200 

NUMBER  OF  STACKS  =  4 

SURVEY  MODE  =  Reflection 

COLLECTED  BY  PEIOOO  -  CON:  960345  RX:  960435 

TX:  960441  ANT:  960321/22 
SOURCE  DATA  FILE  =  C:\EKKO\WORK\FP201159 
THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 

THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 
TRACES  REPOSITIONED. 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill,  Firing  Point  20 

Line  55N,  start  125  end  0  E-W  profile,  50  mhz 

22/08/96 

NUMBER  OF  TRACES  =671 
NUMBER  OF  PTS/TRC  =375 
TIMEZERO  AT  POINT  =76 
TOTAL  TIME  WINDOW  =300 
STARTING  POSITION  =  125.0000 
FINlUli  POSITION  =  -9.0000 
STEP  SIZE  USED  =  -0.2000 

POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  50.00 
ANTENNA  SEPARATION  =  2.0000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill,  Firing  Point  20 

Line  55N,  100  MHz,  E-W  Profile,  125-0 

21/08/96 

NUMBER  OF  TRACES  =  627 

NUMBER  OF  PTS/TRC  =  250 

TIMEZERO  AT  POINT  =63 
TOTAL  TIME  WINDOW  =200 
STARTING  POSITION  =  125.0000 
FINAL  POSITION  =  -0.2000 

STEP  SIZE  USED  =  -0.2000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  100.00 
ANTENNA  SEPARATION  =  1.0000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 

SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill/  Firing  Point  20 

Line  55N,  200  MHz,  E-W  Profile,  0-125 

21/08/96 

NUMBER  OF  TRACES  =  1257 
NUMBER  OF  PTS/TRC  =250 
TIMEZERO  AT  POINT  =35 
TOTAL  TIME  WINDOW  =200 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  125.6000 

STEP  SIZE  USED  =  0.1000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  200.00 
ANTENNA  SEPARATION  =  0.5000 
PULSER  VOLTAGE  (V)  =  400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill,  Firing  Point  20 

Line  55N,  start  45E,  end  75E  E-W,  900  MHz 

27/08/96 

NUMBER  OF  TRACES  =  465 

NUMBER  OF  PTS/TRC  =  399 

TIMEZERO  AT  POINT  =59 

TOTAL  TIME  WINDOW  =  19 

STARTING  POSITION  =  45.000000 

FINAL  POSITION  =  75.000000 

STEP  SIZE  USED  =  0.064655 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  900.000000 

ANTENNA  SEPARATION  =  0.170000 

PULSER  VOLTAGE  (V)  =200 

NUMBER  OF  STACKS  =  4 

SURVEY  MODE  =  Reflection 

COLLECTED  BY  PEIOOO  -  CON:  960345  RX:  960435 

TX:  960441  ANT:  960321/22 
SOURCE  DATA  FILE  =  C:\EKKO\WORK\FP20559 
THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 
TRACES  REPOSITIONED. 

PRESS  ANY  KEY  TO  EXIT 
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Depth  (m)v-0.140  m/r 


Appendix  J 

Soil  Analysis,  Firing  Point  22, 
FortA.P.  Hill 
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«• 
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z. 

oi 
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f 

^  (tare  plus  wet  soil)  —  (tare  plus  dry  soil) 
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Appendix  J 


J3 


SIEVE  ANALYSIS 


PROJECT:  FT.  A.  P.  HILL 
FIRING  POINT  22 

BORING;  REG  1  SAMPLE;  DF;  MD4396E  .DAT 

DEPTH;  SURFACE  DATE;  05  NOV  96 


LL:  41  PL; 

25  PI;  16 

GS;  2. 

70  est 

WC:  26.30 

CLASSIFICATION:  108 

SANDY  CLAY  (CL) ,  GRAY 

TOTAL  WEIGHT  OF  SAMPLE: 

.0 

gms. 

PARTIAL  WEIGHT  AFTER  SPLIT: 

52. 

3  gms . 

WEIGHTS 

SIEVE  SIZE  OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No  10 

2.000 

100.0 

.0 

.2 

No  16 

1.180 

99.6 

.4 

1.1 

No  20 

.850 

97.9 

2 . 1 

3.2 

No  30 

.600 

93.9 

6.1 

6.2 

No  40 

.425 

88 . 1 

11 . 9 

10.1 

No  50 

.300 

80.7 

19.3 

13.6 

No  70 

.212 

74 . 0 

26.0 

16.3 

No  100 

.  150 

68.8 

31.2 

18.4 

No  140 

.106 

64.8 

35.2 

19.8 

No  200 

.075 

62.1 

37.9 

HYDROMETER: 

RDGS 

TEMP 

19.0 

21.0 

.0482 

56.8 

43 . 2 

18.5 

21.0 

.0343 

55.3 

44.7 

17.5 

21.0 

.  0245 

52.2 

47.8 

14.0 

21.0 

.  0131 

41.6 

58.4 

11.9 

20.0 

.0095 

34 . 6 

65.4 

9.7 

20.0 

.0069 

27.9 

72 . 1 

8.5 

20.5 

.0049 

24.6 

75.4 

5.3 

21.0 

.0035 

15.2 

84.8 

2.1 

21.5 

.0015 

5.8 

94.2 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  37.9 
PERCENT  FINES  =62.1 


EDE 
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US.  ST/NDARO  SIEVE  OPENING  N  INCHES  US.  STANDARD  SIEVE  NUMBERS  HYDROMETER 


Appendix  J 


J5 


GRADATION  CURVE _ \  LABORATORY  USAE  WES  -  5TF/GL 


SIEVE  ANALYSIS 


PROJECT:  FT.  A.  P.  HILL 
FIRING  POINT  22 

BORING:  REG  1  SAMPLE:  DF:  MD4396E  .DAT 

DEPTH:  0.5M  DATE:  05  NOV  96 

XL:  33  PL:  16  PI:  17  GS:  2.70  est  WC:  24.50 
CLASSIFICATION:  124 

SANDY  CLAY  (CL) ,  BROWN 


TOTAL  WEIGHT  OF  SAMPLE:  457.1  gms. 
PARTIAL  WEIGHT  AFTER  SPLIT:  56.7  gms. 


WEIGHTS 

SIEVE 

SIZE  OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

3/8 

in 

9.500 

100.0 

.0 

.7 

No 

3 

6.350 

99.8 

.2 

2.4 

No 

4 

4.750 

99.3 

.7 

1.2 

No 

6 

3.350 

99.1 

.9 

3.2 

No 

10 

2 . 000 

98.4 

1.6 

.7 

No 

16 

1.180 

97.1 

2.9 

1.9 

No 

20 

.850 

95.1 

4.9 

4.6 

No 

30 

.600 

90.4 

9.6 

8.0 

No 

40 

.425 

84 . 5 

15.5 

12.8 

No 

50 

.300 

76,2 

23.8 

17.2 

No 

70 

.212 

68.5 

31.5 

20.7 

No  100 

.150 

62.5 

37.5 

23.4 

No  140 

.  106 

57.8 

42 . 2 

25.3 

No  200 

.075 

54.5 

45.5 

HYDROMETER: 

RDGS 

TEMP 

17.6 

21. 

0 

.  0489 

47 . 7 

52.3 

17.0 

21. 

0 

.0348 

46.0 

54 . 0 

16.0 

21. 

0 

.0249 

43 . 3 

56,7 

14.5 

21. 

0 

.  0130 

39.1 

60.9 

13.3 

20. 

0 

.  0094 

35.3 

64.7 

12.0 

20. 

0 

.  0067 

31.7 

68.3 

11.5 

20. 

5 

.0048 

30,6 

69.4 

9.8 

21. 

0 

.0034 

26.2 

73.8 

7.6 

21. 

5 

.0014 

20.4 

79.6 

PERCENT 

GRAVEL 

I  =  .7 

PERCENT 

SAND 

=  44.9 

PERCENT 

FINES 

=  54.5 

EDE 
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SIEVE  ANALYSIS 


PROJECT:  FT.  A.  P.  HILL 
FIRING  POINT  22 

BORING:  REG  1  SAMPLE:  DF:  MD4396E  .DAT 

DEPTH:  l.OM  DATE:  05  NOV  96 


IjL:  39  PL:  16  PI:  23  GS:  2.70  est  WC:  21.80 
CLASSIFICATION:  142 

SANDY  CLAY  (CL) ,  BROWN 


TOTAL  WEIGHT  OF  SAMPLE;  538.9  gms . 
PARTIAL  WEIGHT  AFTER  SPLIT;  50.3  gms. 


WEIGHTS 

SIEVE 

SIZE  OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

1/2 

in 

12.500 

100.0 

.0 

3.0 

3/8 

in 

9.500 

99.4 

.  6 

4.2 

No 

3 

6.350 

98.7 

1.3 

2.7 

No 

4 

4.750 

98.2 

1.8 

5.5 

No 

6 

3.350 

97.1 

2.9 

5.8 

No 

10 

2 . 000 

96.1 

3.9 

1.0 

No 

16 

1.180 

94.2 

5.8 

2.2 

No 

20 

.850 

91.9 

8.1 

4.5 

No 

30 

.600 

87.5 

12.5 

7.5 

No 

40 

.425 

81.7 

18.3 

11.7 

No 

50 

.300 

73.7 

26.3 

15.8 

No 

70 

.212 

65.9 

34 . 1 

19.2 

No 

100 

.  150 

59.4 

40.6 

21.9 

No 

140 

.106 

54.2 

45.8 

23.5 

No 

200 

.075 

51.2 

48.8 

HYDROMETER: 

RDGS 

TEMP 

15.0 

21 

.0 

.0502 

44.6 

55.4 

14.3 

21 

.0 

.0357 

42.5 

57.5 

13.9 

21 

.0 

.0254 

41.3 

58.7 

12.8 

21 

.0 

.0132 

37.9 

62.1 

11.9 

20 

.  0 

.0095 

34.6 

65.4 

11.1 

20 

.0 

.0068 

32.2 

67.8  . 

10.4 

20 

.5 

.0048 

30.3 

69.7 

9.3 

21 

.0 

.0034 

27.3 

72.7 

7.7 

21 

.5 

.0014 

22.7 

77.3 

PERCENT 

GRAVEL  = 

1.8 

PERCENT 

SAND 

47.0 

PERCENT 

FINES 

=: 

51.2 

EDE 
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SIEVE  ANALYSIS 


PROJECT:  FT.  A.  P.  HILL 
FIRING  POINT  22 

BORING:  REG  4  SAMPLE:  DF:  MD4396EE.DAT 

DEPTH:  SURFACE  DATE:  05  NOV  96 

LL:  25  PL:  16  PI:  9  GS:  2.70  est  WC:  17.10 
CLASSIFICATION:  160 

CLAYEY  SAND  (SC) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  52.6  gms. 


WEIGHTS 

SIEVE 

:  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

10 

2.000 

100.0 

.0 

1.4 

No 

16 

1.180 

97.3 

2.7 

3.7 

No 

20 

.850 

93.0 

7.0 

6.7 

No 

30 

.600 

87.3 

12.7 

12.2 

No 

40 

.425 

76.8 

23.2 

17.8 

No 

50 

.300 

66.2 

33.8 

22.1 

No 

70 

.212 

58.0 

42.0 

26.3 

No 

100 

.150 

50.0 

50.0 

28.6 

No 

140 

.106 

45.6 

54.4 

30.0 

No 

200 

.075 

43.0 

57.0 

HYDROMETER: 

- 

RDGS 

TEMP 

13.6 

21 

.0 

.0508 

40.2 

59.8 

12.8 

21 

.0 

.0362 

37.7 

62.3 

11.9 

21 

.0 

.0258 

35.0 

65.0 

9.0 

21 

.0 

.0137 

26.3 

73.7 

7.9 

21 

.0 

.0098 

22.9 

77.1 

7.4 

20 

.0 

.0070 

20.8 

79.2 

6.3 

20 

.5 

.0050 

17.8 

82.2 

4.2 

21 

.0 

.0036 

11.8 

88.2 

2.3 

21 

.5 

.0015 

6.3 

93.7 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  57.0 
PERCENT  FINES  =43.0 
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SIEVE  ANALYSIS 


PROJECT: 


FT.  A.  P.  HILL 
FIRING  POINT  22 


BORING:  REG  4  SAMPLE:  DF:  MD4396E  .DAT 

DEPTH:  0.5M  DATE:  05  NOV  96 

XL:  20  PL:  14  PI:  6  GS:  2.70  est  WC:  15.00 
CLASSIFICATION:  176 

CLAYEY  SILTY  SAND  (SM-SC) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  659.0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  51.2  gms. 


WEIGHTS 

SIEVE 

SIZE  OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

1/2 

in 

12.500 

100.0 

.0 

2.9 

3/8 

in 

9.500 

99.6 

.4 

2.6 

No 

3 

6.350 

99.2 

.8 

3.0 

No 

4 

4.750 

98.7 

1.3 

3.5 

No 

6 

3.350 

98.2 

1.8 

19.0 

No 

10 

2.000 

95.3 

4.7 

2.6 

No 

16 

1.180 

90.5 

9.5 

5.6 

No 

20 

.850 

84.9 

15.1 

10.1 

No 

30 

.  600 

76.5 

23.5 

14.5 

No 

40 

.425 

68.3 

31.7 

19-5 

No 

50 

.300 

59.0 

41.0 

23.7 

No 

70 

.  212 

51.2 

48.8 

26.6 

No  100 

.  150 

45.8 

54.2 

28.9 

No  140 

.  106 

41.5 

58.5 

30.3 

No  200 

.075 

38.9 

61.1 

HYDROMETER: 

RDGS 

TEMP 

12 . 6 

21. 

0 

.0513 

36.4 

63 . 6 

12.2 

21. 

0 

.0364 

35.2 

64.8 

11.8 

21. 

0 

.0258 

34.0 

66.0 

10.9 

21. 

0 

.  0135 

31.3 

68.7 

8.0 

21. 

0 

.0098 

22.8 

77.2 

7.6 

21. 

0 

.0069 

21.6 

78.4 

6.4 

20. 

5 

.  0050 

17.7 

82.3 

5.0 

21. 

0 

.0035 

13.9 

86.1 

2.8 

21. 

5 

.0015 

7.7 

92.3 

PERCENT 

GRAVEL 

.  =  1.3 

PERCENT 

SAND 

=  59.8 

PERCENT 

FINES 

=  38.9 

EDE 
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SIEVE  ANALYSIS 


PROJECT:  FT.  A.  P.  HILL 
FIRING  POINT  22 

BORING:  REG  4  SAMPLE:  DF:  MD4396E  .DAT 

DEPTH:  l.OM  DATE:  05  NOV  96 

LL:  22  PL:  13  PI:  9  GS:  2.70  est  WC:  14.00 
CLASSIFICATION:  194 

CLAYEY  SAND  (SC) ,  BROWN;  TRACE  OF  GRAVEL 


TOTAL  WEIGHT  OF  SAMPLE;  547.9  gms. 
PARTIAL  WEIGHT  AFTER  SPLIT;  52.9  gms. 


WEIGHTS 

SIEVE 

SIZE  OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER  mm 

FINER 

COARSER 

.0 

3/4 

in 

19.100 

100.0 

.0 

8.2 

1/2 

in 

12.500 

98.5 

1.5 

7.3 

3/8 

in 

9.500 

97.2 

2.8 

1.8 

No 

3 

6.350 

96.8 

3.2 

2.6 

No 

4 

4.750 

96.4 

3.6 

2.8 

No 

6 

3.350 

95.9 

4.1 

14.8 

No 

10 

2.000 

93.2 

6.8 

2.5 

No 

16 

1.180 

88.8 

11.2 

5.7 

No 

20 

.850 

83.1 

16.9 

10.5 

No 

30 

.600 

74.7 

25.3 

15.1 

No 

40 

.425 

66.6 

33.4 

20.3 

No 

50 

.300 

57.4 

42.6 

24.5 

No 

70 

.212 

50.0 

50.0 

27.4 

No 

100 

.150 

44.9 

55.1 

29.6 

No 

140 

.106 

41.0 

59.0 

31.1 

No 

200 

.  075 

38.4 

61.6 

HYDROMETER: 

RDGS 

TEMP 

12.9 

21 

.  0 

.0512 

35.2 

64.8 

12 . 3 

21 

.0 

.0364 

33.6 

66.4 

11.9 

21 

.0 

.0258 

32.4 

67.6 

9.5 

21 

.0 

.0136 

25.7 

74.3 

8.6 

20 

.0 

.0098 

22.7 

77.3 

7.0 

20 

.0 

.0070 

18.2 

81.8 

5.6 

21 

.0 

.0050 

14 . 8 

85.2 

4.8 

21 

.5 

.0035 

12.9 

87.1 

2.7 

21 

.5 

.0015 

7.0 

93.0 

PERCENT 

GRAVEL  = 

3 . 6 

PERCENT 

SAND 

= 

58.0 

PERCENT 

FINES 

= 

38.4 

EDE 
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PROJECT- 


BORING  0.1-  f4/J 


Sample  or  Specimen  No.  FP. 


WATER  CONTENT  -  GENERAL 


LUP-pSld  /iDcv/n 


Tare  No. 

... 

Taref  plus  wet  soil 

w» 

E 

« 

Tare  plus  dry  soil 

o 

c 

Water 

W 

w 

£ 

a 

o 

5 

Tare 

Dry  soil 

!i.l 

^ter  content 

d-p./  I 


U  \3%^3 


/5.SS 


/3:5'5'  I  I  /5-.5-0 


^1.^2  10i,yS>  A^.o^ 


I  Sample  or  Specimen  No.  FPa 


Sample  or  Specimen  No. 


Tare  No, 


Tare  plus  wet  soil 

M 

§  Tare  plus  dry  soil 

U. 

■E  Water 


^  Tare 


Dry  soil 


Water  content 


(tare  plus  wet  soil)  —  (tare  plus  dry  soil)  Wyv 

W%  *=  - - - : - : - rr - ; - ; -  X  lOO  —  *■—; -  X  lUU 

(tare  plus  dry  soil)  —  (tare)  W  j 


% 

% 

% 

% 

Remarks . 


Technician 


PMr;  form  ooqc 


- Computed  by , 


fRM  1906) 


Checked  by  - 


U.S.  STANDARD  SIEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  NUMBERS 
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SIEVE  ANALYSIS 


PROJECT:  D.A.R.P.A. 

/O 

BORING:  FT  A.P.  HILL  SAMPLE:  FP22  DF:  MD4396A  .DAT 
DEPTH:  27.5E-73N  DATE:  18  SEP  96 

L:  35  PL:  22  PI:  13  GS:  .00  WC:  17.40 

LASSIFICATION:  158 

SANDY  SILTY  CLAY  (CL)  ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

ARTIAL  WEIGHT  AFTER  SPLIT:  72.1  gms. 


WEIGHTS 

SIEVE  SIZE  OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.0 

.3 

No 

6 

3.350 

99.6 

.4 

.5 

No 

10 

2.000 

99.3 

.7 

1.1 

No 

16 

1.180 

98.5 

1.5 

2.7 

No 

20 

.850 

96.3 

3.7 

6.3 

No 

30 

.600 

91.3 

8.7 

10.4 

No 

40 

.425 

85.6 

14.4 

16.0 

No 

50 

.300 

77.8 

22.2 

20.6 

No 

70 

.212 

71.4 

28.6 

25.2 

No 

100 

.150 

65.0 

35.0 

28.0 

No 

140 

.106 

61.2 

38.8 

29.7 

No 

200 

.075 

58.8 

41.2 

PERCENT 

GRAVEL  = 

.0 

PERCENT 

SAND 

= 

41.2 

PERCENT 

FINES 

= 

58.8 

EDE 
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GRADATION  CURVE  |  LABORATORY  USAE  WES  -  STF/GL  ^^^H/ELEV  40E-23N  DATE  j  18  SEP  96 


SIEVE  ANALYSIS 


PROJECT:  D.A.R.P.A. 

j  D 

BORING:  FT  A.P.  HILL  SAMPLE:  FP22  DF:  MD4396A  .DAT 
DEPTH:  40E-23N  DATE:  18  SEP  96 

jL:  31  PL:  21  PI:  10  GS:  .00  WC:  13.10 

CLASSIFICATION:  168 

SILTY  CLAYEY  SAND  (SC) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

’ARTIAL  WEIGHT  AFTER  SPLIT:  113.4  gitis. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.0 

.2 

No 

6 

3.350 

99.8 

.2 

.9 

No 

10 

2.000 

99.2 

.8 

3.0 

No 

16 

1.180 

97.4 

2.6 

6.6 

No 

20 

.850 

94.2 

5.8 

12.2 

No 

30 

.600 

89.2 

10.8 

23.7 

No 

40 

.425 

79.1 

20.9 

36.0 

No 

50 

.300 

68.3 

31.7 

46.4 

No 

70 

.212 

59.1 

40.9 

54.7 

No 

100 

.150 

51.8 

48.2 

59.4 

No 

140 

.106 

47.6 

52.4 

63.8 

No 

200 

.075 

43.7 

56.3 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  56.3 
PERCENT  FINES  =43.7 
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SIEVE  ANALYSIS 


PROJECT:  D.A.R.P.A. 

CCpPcT/iZ.  jO 

BORING:  FT  A.P.  HILL  SAMPLE:  FP22  DF:  MD4396A  .DAT 
DEPTH:  52.5E-85.5N  DATE:  18  SEP  96 

iL:  29  PL:  19  PI:  10  GS:  .00  WC:  15.10 

:LASSIFICATI0N:  178 

SANDY  CLAY  (CL) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

ARTIAL  WEIGHT  AFTER  SPLIT:  111.4  gms. 


WEIGHTS  SIEVE  SIZE  OPENING  PERCENT  PERCENT 


gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.0 

.3 

No 

6 

3.350 

99.7 

.3 

.6 

No 

10 

2.000 

99.5 

.5 

1.4 

No 

16 

1.180 

98.7 

1.3 

3.3 

No 

20 

.850 

97.0 

3.0 

8.3 

No 

30 

.600 

92.5 

7.5 

14.7 

No 

40 

.425 

86.8 

13.2 

24.6 

No 

50 

.300 

77.9 

22.1 

33.4 

No 

70 

.212 

70.0 

30.0 

43.4 

No 

100 

.150 

61.0 

39.0 

49.0 

No 

140 

.106 

56.0 

44.0 

52.4 

No 

200 

.075 

53.0 

47.0 

PERCENT 

GRAVEL  = 

.0 

PERCENT 

SAND 

= 

47.0 

PERCENT 

FINES 

= 

53.0 
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J21 


GRADATION  CURVE _ |  LABORATORY  USAE  WES  -  STF/GL 


SIEVE  ANALYSIS 


PROJECT:  D.A.R.P.A. 

/O 

BORING:  FT  A.P.  HILL  SAMPLE:  FP22  DF:  MD4396A  .DAT 
DEPTH:  65E-10.5N  DATE:  18  SEP  96 

28  PL:  19  PI:  9  GS:  .00  WC:  17.20 

.SSIFICATION:  188 

CLAYEY  SAND  (SC) ,  BROWN 


TOTAL  WEIGHT  OF  SAMPLE:  .0  gittS. 

TIAL  WEIGHT  AFTER  SPLIT:  112.8  gms. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

inin 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.0 

.9 

No 

6 

3.350 

99.2 

.8 

2.6 

No 

10 

2.000 

97.7 

2.3 

5.9 

No 

16 

1.180 

94.8 

5.2 

9.7 

No 

20 

.850 

91.4 

8.6 

15.3 

No 

30 

.600 

86.4 

13.6 

26.0 

No 

40 

.425 

77.0 

23.0 

37.4 

No 

50 

.300 

66.8 

33.2 

47.8 

No 

70 

.212 

57.6 

42.4 

56.5 

No 

100 

.150 

49.9 

50.1 

61.6 

No 

140 

.106 

45.4 

54.6 

66.0 

No 

200 

.075 

41.5 

58.5 

PERCENT 

GRAVEL  = 

.0 

PERCENT  SAND  =58.5 
PERCENT  FINES  =  41.5 
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SIEVE  ANALYSIS 


PROJECT:  D.A.R.P.A. 

(Xpf*£/Z.  /€>  c 

BORING:  FT  A.P.  HILL  SAMPLE:  FP22  DF:  MD4396A  .DAT 
DEPTH:  77.5E-60.5N  DATE:  18  SEP  96 


35  PL:  25  PI:  10  GS:  .00 
OSSIFICATION:  198 

CLAYEY  SILTY  SAND  (SM) ,  GRAY 


WC:  12.70 


TOTAL  WEIGHT  OF  SAMPLE; 
OTIAL  WEIGHT  AFTER  SPLIT: 


.0  gms. 
112.9  gms. 


ilGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCE 

gm. 

or  NUMBER 

mm 

FINER 

COARS 

.0 

No 

4 

4.750 

100.0 

.0 

.0 

No 

6 

3.350 

100.0 

.0 

.2 

No 

10 

2.000 

99.8 

.2 

.9 

No 

16 

1.180 

99.2 

.8 

2.5 

No 

20 

.850 

97.8 

2.2 

7.9 

No 

30 

.600 

93.0 

7.0 

15.9 

No 

40 

.425 

85.9 

14.1 

28.6 

No 

50 

.300 

74.7 

25.3 

39.9 

No 

70 

.212 

64.7 

35.3 

53.5 

No 

100 

.150 

52.6 

47.4 

60.9 

No 

140 

.106 

46.1 

53.9 

65.3 

No 

200 

.075 

42.2 

57.8 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =57.8 
PERCENT  FINES  =  42.2 
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DATA  SET:  FP22-1 


CLIENT:  Waterways  Experiment  Station 

DATE:  Aug. 19 9 6 

LOCATION:  Fort  A.P 

.  Hill,  FP 

22 

SOUNDING:  15,55 

COUNTY:  Fredericksburg,  VA 

AZIMUTH:  N,S 

PROJECT:  DARPA  UXO/Mines 

EQUIPMENT:  VES 

ELEVATION :  165.00 

SOUNDING  COORDINATES:  X: 

15.0000  Y: 

55.0000 

Schlumberger 

Configuration 

FITTING  ERROR: 

1.953  PERCENT 

L  # 

RESISTIVITY 

THICKNESS 

ELEVATION  LONG.  COND.  TRANS.  ! 

(ohm-m) 

(meters) 

(meters) 

(Siemens)  (Ohm-m 

165.0 

1 

188.7 

0.206 

164.7 

0.00109  38.91 

2 

498.2 

2.52 

162.2 

0.00507  1259.4 

3 

1359.3 

9.52 

152.7 

0.00700  12942.1 

4 

55.17 

ALL  PARAMETERS  ARE 

FREE 

No. 

SPACING 

RHO-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC  (percent) 

1 

0.500 

280.0 

279.2 

0.282 

2 

0.600 

300.0 

302.6 

-0.897 

3 

0.700 

320.0 

323.3 

-1.03 

4 

0.800 

340.0 

341.3 

-0.387 

5 

1.00 

380.0 

370.8 

'2.40 

6 

1.30 

410.0 

403.9 

1.47 

7 

1.60 

430.0 

428.7 

0.285 

8 

2.00 

450.0 

454.9 

-1.09 

9 

2.50 

480.0 

482.4 

-0.505 

10 

3.00 

500.0 

507.7 

-1.55 

11 

4.00 

560.0 

557.5 

0.445 

12 

5.00 

620.0 

606.6 

2.15 

13 

6.00 

650.0 

653.1 

-0.478 

14 

8.00 

720.0 

730.5 

-1.46 

15 

10.00 

780.0 

783.3 

-0.431 

16 

13.00 

820.0 

819.3 

0.0770 

17 

16.00 

840.0 

814.3 

3.05 

18 

20.00 

780.0 

764.9 

1.93 

19 

25.00 

650.0 

666.9 

-2.60 

*  U.S. 

ARMY  CORPS 

OF  ENGINEERS 

WWES  * 
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No.  SPACING 

(m) 


RHO-A  (ohm-m) 

DATA  SYNTHETIC 


DIFFERENCE 

(percent) 


20 

30.00 

540.0 

557.2 

21 

40.00 

360.0 

364.1 

22 

50.00 

245.0 

232.4 

23 

60.00 

150.0 

153.6 

-3.20 

-1.15 

5.10 

-2.41 


PARAMETER  RESOLUTION  MATRIX: 

"F"  INDICATES  FIXED  PARAMETER 
P  1  0.97 

P  2  0.00  1.00 

P  3  -0.01  0.00  0.99 

P  4  0.00  0.00  -0.01  0.98 

T  1  -0.05  -0.01  -0.01  -0.01  0.93 

T  2  -0.01  0.00  -0.01  -0.01  -0.01  0.99 

T  3  0.01  0.00  0.01  0.01  0.01  0.01  0.98 

PI  P2  P3  P4  T1  T2  T3 
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DATA  SET:  F:22 — 2 


CLIENT:  Waterways  Experiment  Station 
LOCATION:  Fort  A.P.  Hill,  FP  22 
COUNTY:  Fredricksburg,  VA 
PROJECT:  DARPA  UXO /Mines 
ELEVATION:  165.00 

SOUNDING  COORDINATES:  X: 


60.0000  Y: 


DATE: 

SOUNDING: 

AZIMUTH: 

EQUIPMENT: 


Aug  .1996 
60,55 
E,W 
VES 


55.0000 


Schlumberger  Configuration 
FITTING  ERROR:  2.912  PERCENT 


L  # 

RESISTIVITY 

THICKNESS 

ELEVATION 

LONG.  COND. 

TRANS.  : 

(ohm-m) 

(meters) 

(meters) 

(Siemens) 

(Ohm-m 

1 

336.9 

0.284 

165.0 

164.7 

8.445E-04 

95.90 

2 

431.2 

2.46 

162.2 

0.00571 

1061.9 

3 

3737.1 

4.60 

157.6 

0.00123 

17205.1 

4 

ALL 

No. 

27.63 

PARAMETERS  ARE 

SPACING 

FREE 

RHO-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

360.0 

361. 

6 

-0.448 

2 

0.600 

370.0 

370. 

1 

-0.0273 

3 

0.700 

380.0 

378. 

0 

0.511 

4 

0.800 

385.0 

385. 

2 

-0.0768 

5 

1.00 

400.0 

397. 

7 

0.557 

6 

1.30 

410.0 

413. 

0 

-0.737 

7 

1.60 

430.0 

426. 

5 

0.803 

8 

2.00 

440.0 

444. 

8 

-1.09 

9 

2.50 

470.0 

470. 

6 

-0.127 

10 

3.00 

510.0 

500. 

5 

1.84 

11 

4.00 

580.0 

570. 

8 

1.57 

12 

5.00 

640.0 

647. 

6 

-1.18 

13 

6.00 

680.0 

722. 

9 

-6.32 

14 

8.00 

800.0 

852. 

4 

—6 .56 

15 

10.00 

950.0 

944. 

7 

0.557 

16 

13.00 

1060.0 

1016. 

9 

4.06 

17 

16.00 

1080.0 

1026. 

5 

4.95 

18 

20.00 

1020.0 

974. 

2 

4.48 

19 

25.00 

870.0 

852. 

7 

1.98 

*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES  * 
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No. 

SPACING 

RHO-A 

(ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

20 

30.00 

708.0 

710.4 

-i).351 

21 

40.00 

427.0 

451.9 

-5.84 

22 

50.00 

272.0 

271.0 

0.340 

23 

60.00 

161.0 

160.9 

0.0337 

PARAMETER  RESOLUTION  MATRIX: 

iipn 

INDICATES  FIXED  PARAMETER 

P  1 

0.98 

P  2 

0.00  1.00 

P  3 

0.00  -0.01 

0.58 

P  4 

0.00  0.00 

-0.06 

0.79 

T  1 

-0.09  -0.04 

-0.05 

0.02  0.46 

T  2 

0.01  0.00 

-0.07 

0.00  0.02 

0.98 

T  3 

0.00  0.01 

0.43 

0.08  0.06 

0.07  0.56 

PI  P  2 

P  3 

P  4  T  1 

T  2  T  3 

*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES  * 


K6 


Appendix  K 


Appendix  K 


o^ruro*^intDrvcD 


({  X  ui]  u^daa 


(ui-umo)  AiiAiisisau  iNaavddv 


O 

O 

o 


o 

o 


E 

I 

E 

JZ. 

O 


o 

o 


o 

•r-l 


O 


K7 


FP22-3 


PAGE  1 


DATA  SET:  FP22-3 


CLIENT:  Waterways  Experiment  Station 
LOCATION:  Fort  A.P.  Hill,  FP  22 
COUNTY:  Fredricksburg,  VA 
PROJECT:  DARPA  UXO/Mines 
ELEVATION :  165.00 

SOUNDING  COORDINATES:  X:  115.0000  Y: 


DATE:  Aug  .1996 
SOUNDING:  11555 
AZIMUTH:  N,S 
EQUIPMENT:  VES 

55.0000 


Schlumberger  Configuration 


FITTING  ERROR: 


3.174  PERCENT 


RESISTIVITY  THICKNESS  ELEVATION  LONG.  COND.  TRANS.  RES. 
(ohm-m)  (meters)  (meters)  (Siemens)  (Ohm-m''2) 


229.7 

615.7 
1448.6 

121.7 


0.145 

2.59 

9.63 


165.0 

164.8 

162.2 

152.6 


6.312E-04  33.31 

0.00422  1600.4 

0.00665  13958.9 


ALL  PARAMETERS  ARE  FREE 


SPACING 

(m) 


RHO-A  (ohm-m) 

DATA  SYNTHETIC 


DIFFERENCE 

(percent) 


1 

0.500 

400.0 

398.1 

0.464 

2 

0.600 

420.0 

428.1 

-1.94 

3 

0.700 

450.0 

452.8 

-0.634 

4 

0.800 

470.0 

473.3 

-0.720 

5 

1.00 

510.0 

505.4 

0.899 

6 

1.30 

550.0 

539.0 

1.98 

7 

1.60 

590.0 

563.1 

4.54 

8 

2.00 

600.0 

588.0 

1.99 

9 

2.50 

610.0 

614.3 

-0.714 

10 

3.00 

620.0 

639.3 

-3.12 

11 

4.00 

650.0 

690.0 

-6.16 

12 

5.00 

730.0 

741.3 

-1.54 

13 

6.00 

800.0 

789.7 

1.27 

14 

8.00 

900.0 

869.3 

3.40 

15 

10.00 

950.0 

921.1 

3.04 

16 

13.00 

970.0 

951.2 

1.92 

17 

16.00 

940.0 

937.6 

0.252 

18 

20.00 

860.0 

875.4 

-1.79 

19 

25.00 

740.0 

763.0 

-3.11 

*  U.S. 

ARMY  CORPS 
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No.  SPACING 

(m) 


RHO-A  (ohm-in) 

DATA  SYNTHETIC 


DIFFERENCE 

(percent) 


20 

30.00 

620.0 

642.7 

21 

40.00 

440.0 

438.6 

22 

50.00 

330.0 

304.2 

23 

60.00 

215.0 

225.3 

-3.67 

0.300 

7.80 

-4.82 


PARAMETER  RESOLUTION  MATRIX: 

"F"  INDICATES  FIXED  PARAMETER 
PI  0.63 
P  2  -0.01  0.99 

P  3  0.00  -0.01  0.88 

P  4  0.00  0.00  -0.07  0.86 

T  1  -0.46  -0.03  -0.02  0.00  0.39 

T  2  0.00  -0.03  -0.12  -0.05  -0.04  0.83 

T  3  0.00  0.02  0.16  0.12  0.03  0.17  0.78 

PI  P2  P3  P4  T1  T2  T3 


*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES  * 
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VERTICAL  SCHLUMBERGER  RESISTIVITY  SURVEY 


Project:  A.  V.  Hut 


Area:  f  F  DQ 


Observers: 


Weather: 
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Appendix  K 


xuli  Logarithmic,  3  x  3  Cycles 


VERTICAL  SCHLUMBERGER  RESISTIVITY  SURVEY 


Project:  f <  H/H- 


Area:  '^(dipic-  toirJ'T 


Observers: 


Date:  ^4, 
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25.13 


47.12 


75.40 


129.59 


197.92 
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Appendix  L 


Ft.  A.P.  Hill,  Firing  Point  22 

Line  15E,  N-S  Profile,  50  MHz,  0-100 

24/08/96 

NUMBER  OF  TRACES  =  502 
NUMBER  OF  PTS/TRC  =  375 
TIMEZERO  AT  POINT  =78 
TOTAL  TIME  WINDOW  =  300 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  100.2000 
STEP  SIZE  USED  =  0.2000 

POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  50.00 
ANTENNA  SEPARATION  =  2.0000 
PULSER  VOLTAGE  (V)  =  400 
NUMBER  OF  STACKS  =  4 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 


Appendix  L 


L3 


Ft.  A.P.  Hill,  Firing  Point  22 

Line  15E,  start  100  end  0  N-S  profile,  100  mhz 
22/08/96 


NUMBER  OF  TRACES  = 
NUMBER  OF  PTS/TRC  = 
TIMEZERO  AT  POINT  = 
TOTAL  TIME  WINDOW  = 
STARTING  POSITION  = 
FINAL  POSITION 
STEP  SIZE  USED 
POSITION  UNITS 
NOMINAL  FREQUENCY  = 
ANTENNA  SEPi^TION  = 
PULSER  VOLTAGE  (V)  = 
NUMBER  OF  STACKS 
SURVEY  MODE 
PRESS  ANY  KEY  TO  EXIT 


503 

250 

43 

200 

100.0000 

-0.4000 

-0.2000 

metres 

100.00 

1.0000 

400 

8 

Reflection 
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Ft.  A.P.  Hill,  Firing  Point  22 
Line  15E,  N-S  Profile,  200  MHz, 
24/08/96 

NUMBER  OF  TRACES  =  1005 
NUMBER  OF  PTS/TRC  =312 
TIMEZERO  AT  POINT  =  48 
TOTAL  TIME  WINDOW  =250 
STARTING  POSITION  =  100,000000 
FINAL  POSITION  =  -0.400001 
STEP  SIZE  USED  =  -0.100000 
POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  200.000000 
ANTENNA  SEPARATION  =  0.500000 
PULSER  VOLTAGE  (V)  =  400 
NUMBER  OF  STACKS  =  4 
SURVEY  MODE  =  Reflection 

POSITIONS  RENUMBERED 
PRESS  ANY  KEY  TO  EXIT 


100-0 
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Ft.  A.P.  Hill,  Firing  Point  22 

Center  (15E,  55N) ,  start  40,  end  70,  N-S,  900  MHz 
27/08/96 

NUMBER  OF  TRACES 
NUMBER  OF  PTS/TRC 
TIMEZERO  AT  POINT 
TOTAL  TIME  WINDOW 
STARTING  POSITION 
FINAL  POSITION 
STEP  SIZE  USED 
POSITION  UNITS 
NOMINAL  FREQUENCY 
ANTENNA  SEPARATION 
PULSER  VOLTAGE  (V) 

NUMBER  OF  STACKS 
SURVEY  MODE 


601 
400 
1 

20 

40.000000 
70.000000 
0.050000 
metres 
900.000000 
0.170000 
=  200 
=  4 

=  Reflection 


COLLECTED  BY  PElOOO  -  CON:  960345  RX:  960435 

TX:  960441  ANT:  960321/22 
SOURCE  DATA  FILE  =  C:\EKKO\WORK\FP22159 
THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 
TRACES  REPOSITIONED. 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill,  Firing  Point  22 

Line  60E,  N-S  Profile,  50  MHz,  100-0 

24/08/96 

NUMBER  OF  TRACES  =  502 
NUMBER  OF  PTS/TRC  =375 
TIMEZERO  AT  POINT  =77 
TOT2UJ  TIME  WINDOW  =300 
STARTING  POSITION  =  100.0000 
FIN2UJ  POSITION  =  -0.2000 

STEP  SIZE  USED  =  -0.2000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  50.00 
i^TENNA  SEPARATION  =  2.0000 
PULSER  VOLTAGE  (V)  =  400 
NUMBER  OF  STACKS  =  4 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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L11 


Ft.  A.P.  Hill,  Firing  Point  22 

Line  60E,  start  0  end  100  N-S  profile,  100  mhz 
22/08/96 

NUMBER  OF  TRACES  =502 
NUMBER  OF  PTS/TRC  =250 
TIMEZERO  AT  POINT  =48 
TOTAL  TIME  WINDOW  =  200 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  100.2000 

STEP  SIZE  USED  =  0.2000 

POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  100.00 
ANTENNA  SEPARATION  =  1.0000 
PULSER  VOLTAGE  (V)  =  400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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Ft.  A.P.  Hill,  Firing  Point  22 
Line  60E,  N-S  Profile,  200  MHz, 
24/08/96 

NUMBER  OF  TRACES 
NUMBER  OF  PTS/TRC 
TIMEZERO  AT  POINT 
TOTAL  TIME  WINDOW 
STARTING  POSITION 
FINAL  POSITION 
STEP  SIZE  USED 
POSITION  UNITS 
NOMINAL  FREQUENCY 
ANTENNA  SEPARATION 
PULSER  VOLTAGE  (V) 

NUMBER  OF  STACKS 
SURVEY  MODE 
PRESS  ANY  KEY  TO  EXIT 


1003 

250 

44 

200 

0.0000 

100.2000 

0.1000 

metres 

200.00 

0.5000 

400 

4 

Reflection 


0-100 
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L15 


J 


Ft.  A.P.  Hill,  Firing  Point  22 

Center  (60E,  55N) ,  start  40,  end  70,  N-S,  900  MHz 
27/08/96 

NUMBER  OF  TRACES 
NUMBER  OF  PTS/TRC 
TIMEZERO  AT  POINT 
TOTAL  TIME  WINDOW 
STARTING  POSITION 
FINAL  POSITION 
STEP  SIZE  USED 
POSITION  UNITS 
NOMINAL  FREQUENCY 
ANTENNA  SEPARATION 
PULSER  VOLTAGE  (V) 

NUMBER  OF  STACKS 
SURVEY  MODE 

COLLECTED  BY  PEIOOO  -  CON:  960345  RX:  960435 

TX:  960441  ANT:  960321/22 
SOURCE  DATA  FILE  =  C:\EKKO\WORK\FP22  609 
THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 

THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 

THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 

THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 

PRESS  ANY  KEY  FOR  MORE 


549 

400 

53 

20 

40.000000 

70.000000 

0.054745 

metres 

900.000000 

0.170000 

200 

4 

Reflection 
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L17 


L18 


Appendix  L 


Otplh  (m)v-0.120  m/ni 


Ft.  A.P.  Hill,  Firing  Point:  22 

Line  115E,  N-S  Profile,  50  MHz,  0-100 

24/08/96 

NUMBER  OF  TRACES  =502 
NUMBER  OF  PTS/TRC  =  375 
TIMEZERO  AT  POINT  =78 
TOTAL  TIME  WINDOW  =  300 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  100.2000 

STEP  SIZE  USED  =  0.2000 

POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  50.00 
ANTENNA  SEPARATION  =  2.0000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  4 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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L19 


Ft.  A.P.  Hill,  Firing  Point  22 

Line  115E,  start  100  end  0  N-S  profile,  100  mhz 
22/0QIS6 

NUMBER  OF  TRACES  =  503 
NUMBER  OF  PTS/TRC  =  250 
TIMEZERO  AT  POINT  =46 
TOTAL  TIME  WINDOW  =200 
STARTING  POSITION  =  100.0000 
FINAL  POSITION  =  -0.4000 
STEP  SIZE  USED  =  -0.2000 

POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =100.00 
ANTENNA  SEPARATION  =  1.0000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 

SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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L21 


100-0 


Ft.  A.P.  Hill,  Firing  Point  22 
Line  115E,  N-S  Profile,  200  MHz, 
24/08/96 

NUMBER  OF  TRACES 
NUMBER  OF  PTS/TRC 
TIMEZERO  AT  POINT 
TOTAL  TIME  WINDOW 
STARTING  POSITION 
FINAL  POSITION 
STEP  SIZE  USED 
POSITION  UNITS 
NOMINAL  FREQUENCY 
ANTENNA  SEPARATION 
PULSER  VOLTAGE  (V) 

NUMBER  OF  STACKS 
SURVEY  MODE 
SOURCE  DATA  FILE 


1002 

250 

45 

200 

100.0000 

-0.1000 

-0.1000 

metres 

200.00 

0.5000 

400 

4 

Reflection 

C: \EKKO\WORK\FP221152 


TIMEZERO  DRIFT  CORRECTION  VALUES  ZEROED. 
PRESS  ANY  KEY  TO  EXIT 


Appendix  L 


Ft.  A.P.  Hill,  Firing  Point  22 
Line  115E,  start  4 ON,  end  70N,  N-S,  900  MHz 
27/08/96 

NUMBER  OF  TRACES 
NUMBER  OF  PTS/TRC 
TIMEZERO  AT  POINT 
TOTAL  TIME  WINDOW 
STARTING  POSITION 
FINAL  POSITION 
STEP  SIZE  USED 
POSITION  UNITS 
NOMINAL  FREQUENCY 
ANTENNA  SEPARATION 
PULSER  VOLTAGE  (V) 

NUMBER  OF  STACKS 
SURVEY  MODE 
COLLECTED  BY  PEIOOO  -  CON;  960345  RX:  960435 

TX;  960441  ANT:  960321/22 
SOURCE  DATA  FILE  =  C:\EKKO\WORK\FP221159 
THIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 
TRACES  REPOSITIONED. 

PRESS  ANY  KEY  TO  EXIT 


510 

400 

72 

19 

40.000000 

70.000000 

0.058939 

metres 

900.000000 

0.170000 

200 

4 

Reflection 
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L26 


Appendix  L 


1-55.00 


Ft.  A.P.  Hill,  Firing  Point  22 

Line  55N,  E-W  Profile,  50  MHz,  0-125 

24/08/96 

NUMBER  OF  TRACES  =628 
NUMBER  OF  PTS/TRC  =375 
TIMEZERO  AT  POINT  =63 
TOTAL  TIME  WINDOW  =300 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  125.4000 

STEP  SIZE  USED  =  0.2000 

POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  50.00 
ANTENNA  SEP2LE?ATION  =  2.0000 
PULSER  VOLTAGE  (V)  =  400 
NUMBER  OF  STACKS  =  4 
[survey  mode  =  Reflection 


PRESS  ANY  KEY  TO  EXIT 
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L27 


Ft.  A.P.  Hill,  Firing  Point  22 

Line  55N,  start  0  end  125  E-W  profile,  100  mhz 
23/08/96 

NUMBER  OF  TRACES  =627 
NUMBER  OF  PTS/TRC  =250 
TIMEZERO  AT  POINT  =48 
TOTAL  TIME  WINDOW  =200 
STARTING  POSITION  =  0.0000 
FINAL  POSITION  =  125.2000 

STEP  SIZE  USED  =  0.2000 

POSITION  UNITS  =  metres 

NOMINAL  FREQUENCY  =  100.00 
ANTENNA  SEPARATION  =  1.0000 
PULSER  VOLTAGE  (V)  =400 
NUMBER  OF  STACKS  =  8 
SURVEY  MODE  =  Reflection 

PRESS  ANY  KEY  TO  EXIT 
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L29 


A.P.  Hill,  Firing  Point  22 
jine  55N,  E-W  Profile,  200  MHz, 
|24/08/96 

iER  OF  TRACES 
JER  OF  PTS/TRC 
[•IMEZERO  AT  POINT 
TOTAL  TIME  WINDOW 
STARTING  POSITION 
FINAL  POSITION 
STEP  SIZE  USED 
POSITION  UNITS 
NOMINAL  FREQUENCY 
AOTENNA  SEPARATION 
PULSER  VOLTAGE  (V) 

NUMBER  OF  STACKS 
SURVEY  MODE 
PRESS  ANY  KEY  TO  EXIT 


1253 

250 

45 

200 

125.0000 

-0.2000 

-0.1000 

metres 

200.00 

0.5000 

400 

4 

Reflection 


125-0 
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L31 


Ft.  A.P.  Hill,  Firing  Point  22 

Center  (60E,  55N) ,  start  45E,  end  75E,  E-W,  900  MHz 
27/08/96 

DUMBER  OF  TRACES  =  628 
SIUMBER  OF  PTS/TRC  =  400 
riMEZERO  AT  POINT  =73 
rOTAL  TIME  WINDOW  =20 
STARTING  POSITION  =  45.000000 
FINAL  POSITION  =  75.000000 
STEP  SIZE  USED  =  0.047847 
POSITION  UNITS  =  metres 
NOMINAL  FREQUENCY  =  900.000000 
MJTENNA  SEPARATION  =  0.170000 
PULSER  VOLTAGE  (V)  =200 
raMBER  OF  STACKS  =  4 
SURVEY  MODE  =  Reflection 


[SURVEY  MODE  =  Reflection 

COLLECTED  BY  PEIOOO  -  CON:  960345  RX:  960435 

TX:  960441  ANT;  960321/22 
SOURCE  DATA  FILE  =  C:\EKKO\WORK\FP22559 
PHIS  PROFILE  CLIPPED  FROM  ORIGINAL  PROFILE. 
PEACES  REPOSITIONED. 

PRESS  ANY  KEY  TO  EXIT 
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L33 


L34 


Appendix  L 


Appendix  M 

Soil  Analysis,  1 -Hectare  Site, 
JPG 


Appendix  M 


M1 


US.  ST/INWRD  SIEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  WJMBERS  HYDROMETER 


SIEVE  ANALYSIS 


PROJECT:  JEFFERSON  PROVING  GROUND,  IN 

BORING:  JPG  REG  1  SAMPLE:  lOCM  DF:  MD1298  .DAT 
DEPTH:  DATE:  23  FEB  98 


34  PL:  24  PI:  10  GS:  2.74 
CLASSIFICATION:  188 

SANDY  CLAYEY  SILT  (ML) ,  BROWN 


WC:  26.60  OC! 


3.00 


TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  55.8  gitis. 

WEIGHTS  SIEVE  SIZE  OPENING  PERCENT 
gia.  or  NUMBER  mm  FINER 

.0  No  4  4.750  100.0 


PERCENT 

COARSER 

.0 


No  6 
No  10 
No  i6 
No  20 
No  30 
No  40 
No  50 
No  70 
No  100 
No  140 
No  200 


3.350 

2.000 

1.180 

.850 

.600 

.425 

.300 

.212 

.150 

.106 

.075 


99.3 

97.7 

95.7 
94.6 
93.2 
91.9 

90.5 

89.1 

88.0 

87.5 

87.1 


.7 

2.3 

4.3 

5.4 
6.8 
8.1 

9.5 

10.9 
12.0 
12.5 

12.9 


PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =12.9 
PERCENT  FINES  =  87.1 
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SIEVE  ANALYSIS 


PROJECT;  JEFFERSON  PROVING  GROUND,  IN 

BORING;  JPG  REG  1  SAMPLE;  0.5M  DF;  MD1298  .DAT 
DEPTH;  DATE;  23  FEB  98 


JL:  31  PL;  21  PI;  10  GS;  2.79 
:LASSIFICATI0N;  168 

SILTY  CLAY  (CL),  BROWN;  WITH  SAND 

TOTAL  WEIGHT  OF  SAMPLE;  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT;  62.7  gms. 


WC;  24.40 


OC: 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCE 

gm. 

or  NUMBER 

itrni 

FINER 

COARS 

.0 

No 

4 

4.750 

100.0 

.0 

.3 

No 

6 

3.350 

99.5 

.5 

.9 

No 

10 

2.000 

98.6 

1.4 

1.7 

No 

16 

1.180 

97.3 

2.7 

2.3 

No 

20 

.850 

96.3 

3.7 

3.0 

No 

30 

.600 

95.2 

4.8 

3.8 

No 

40 

.425 

93.9 

6.1 

4.7 

No 

50 

.300 

92.5 

7.5 

5.5 

No 

70 

.212 

91.2 

8.8 

6.1 

No 

100 

.150 

90.3 

9.7 

6.5 

No 

140 

.106 

89.6 

10.4 

6.6 

No 

200 

.075 

89.5 

10.5 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  10.5 
PERCENT  FINES  =  89.5 
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2.20 


EDE 


M5 


US.  SWJWRD  SIENE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  NUMBERS  HYDROMETER 


Appendix  M 


SIEVE  ANALYSIS 


PROJECT:  JEFFERSON  PROVING  GROUND 

'7^) 


BORING:  JPG  REG  1 
DEPTH: 


SAMPLE:  l.OM 
DATE:  23  FEB  98 


L:  33  PL:  18  PI:  15  GS:  2.79 
LASSIFICATION:  178 

SANDY  CLAY  (CL) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

ARTIAL  WEIGHT  AFTER  SPLIT:  55.1  gms. 


WEIGHTS 

-gm. 

.0 


SIEVE-  SIZE 
or  NUMBER 
No  4 


OPENING 

mm 

4.750 


PERCENT 

FINER 

100.0 


.2 

No 

6 

.9 

No 

10 

2.5 

No 

16 

3.4 

No 

20 

4.3 

No 

30 

5.4 

No 

40 

7.0 

No 

50 

8.6 

No 

70 

10.1 

No 

100 

11.3 

No 

140 

12.2 

No 

200 

3.350  99.6 

2.000  98.4 

1.180  95.5 

.850  93.8 

.600  92.2 

.425  90.2 

.300  87.3 

.212  84.4 

.150  81.7 

.106  79.5 

.075  77.9 


DF:  MD1298  .DAT 


WC:  20.70  OC 


PERCENT 

COARSER 

.0 

.4 

1.6 

4.5 

6.2 

7.8 

9.8 
12.7 
15.6 
18.3 
20.5 
22.1 


PERCENT  GRAVEL 
PERCENT  SAND  =  22.1 
PERCENT  FINES  =  77.9 


2.20 


EDE 
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M7 


U.S.  Sr»NWW>  SIEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  NUMBERS  HYDROMETER 


Appendix  M 


SIEVE  ANALYSIS 


PROJECT:  JEFFERSON  PROVING  GROUND,  IN 


BORING: 

DEPTH: 


JPG  REG  2 


SAMPLE:  lOCM  DF:  MD1298 
DATE:  23  FEB  98 


.DAT 


12 


GS:  2.73 


LL:  38  PL:  26  PI: 

CLASSIFICATION:  198 

CLAYEY  SILT  (ML)  ,  BROWN;  WITH  SAND 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  57.3  gms. 


WC:  33.00 


OC; 


3.70 


IIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCE 

gm. 

or  NUMBER 

mm 

FINER 

COARS 

.0 

No 

4 

4.750 

100.0 

.0 

.2 

No 

6 

3.350 

99.7 

.3 

.8 

No 

10 

2.000 

98.6 

1.4 

1.5 

No 

16 

1.180 

97.4 

2.6 

2.1 

No 

20 

.850 

96.3 

3.7 

2.8 

No 

30 

.600 

95.1 

4.9 

3.5 

No 

40 

.425 

93.9 

6.1 

4.4 

No 

50 

.300 

92.3 

7.7 

5.2 

No 

70 

.212 

90.9 

9.1 

5.9 

No 

100 

.150 

89.7 

10.3 

6.2 

No 

140 

.106 

89.2 

10.8 

6.3 

No 

200 

.075 

89.0 

11.0 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  11.0 
PERCENT  FINES  =  89.0 


EDE 
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M9 


US.  simum  sieve  opening  n  inoes  u5.  standard  sieve  numbers  hydrometer 


M10 


Appendix  M 


SIEVE  ANALYSIS 


PROJECT:  JEFFERSON  PROVING  GROUND,  IN 

BORING:  JPG  REG  3  SAMPLE:  lOCM  DF:  MD1298  .DAT 
DEPTH:  DATE:  23  FEB  98 


LL:  39  PL:  27  PI:  12 
CLASSIFICATION:  208 

SANDY  CLAYEY  SILT  (ML) 


TOTAL  WEIGHT  OF  SAMPLE: 
PARTIAL  WEIGHT  AFTER  SPLIT: 


GS:  2.73 

,  BROWN 

. 0  gms. 
58.7  gms. 


WC:  35.50  OC: 


4.90 


WEIGHTS  SIEVE  SIZE  OPENING  PERCENT  PERCENT 


gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.0 

.0 

No 

6 

3.350 

100.0 

.0 

.6 

No 

10 

2.000 

99.0 

1.0 

1.4 

No 

16 

1.180 

97.6 

2.4 

2.0 

No 

20 

.850 

96.6 

3.4 

2.8 

No 

30 

.600 

95.2 

4.8 

3.7 

No 

40 

.425 

93.7 

6.3 

4.7 

No 

50 

.30,0 

92.0 

8.0 

5.8 

No 

70 

.212 

90.1 

9.9 

6.8 

No 

100 

.150 

88.4 

11.6 

7.5 

No 

140 

.106 

87.2 

12.8 

8.0 

No 

200 

.075 

86.4 

13.6 

PERCENT 

GRAVEL  = 

.0 

PERCENT 

SAND 

= 

13.6 

PERCENT 

FINES 

■ 

86.4 

EDE 
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M11 


US.  ST/WDARD  SIE\E  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  NUMBERS  HYDROMETER 


iHOGM  A0  U3H\A  1N30H36  i  d  d 


M12 


Appendix  M 


SIEVE  ANALYSIS 


PROJECT:  JEFFERSON  PROVING  GROUND,  IN 

BORING:  JPG  REG  4  SAMPLE:  lOCM  DF:  MD1298  .DAT 
DEPTH:  DATE:  23  FEB  98 


L.L:  36  PL:  26  PI:  10  GS:  2.76 
:LASSIFICATI0N:  238 

CLAYEY  SILT  (ML)  ,  BROWN;  WITH  SAND 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  59.2  gms. 

WEIGHTS  SIEVE  SIZE  OPENING  PERCENT 
gm.  or  NUMBER  mm  FINER 

.0  No  4  4.750  100.0 


WC:  30.70  OC: 


PERCENT 

COARSER 

.0 


3.30 


.0 

.1 

.3 

.6 

1.0 

1.5 

2.1 

2.6 

3.0 

3.3 

3.4 


No  6 
No  10 
No  16 
No  20 
No  30 
No  40 
No  50 
No  70 
No  100 
No  140 
No  200 


3.350 

2.000 

1.180 

.850 

.600 

.425 

.300 

.212 

.150 

.106 

.075 


100.0 

99.8 

99.5 
99.0 

98.3 

97.5 

96.5 

95.6 

94.9 

94.4 
94.3 


PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  5.7 
PERCENT  FINES  =  94.3 
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M13 


U.S.  Sr/NDW»  SEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  WMBERS  HYDROMETER 


SIEVE  ANALYSIS 


PROJECT:  JEFFERSON  PROVING  GROUND,  IN 
COS’e^ie>,StJ) 

BORING:  JPG  REG  4  SAMPLE:  0.5M  DF; 
DEPTH:  DATE:  23  FEB  98 

LL:  40  PL:  25  PI:  15  GS:  2.81  WC 

CLASSIFICATION;  218 

SILTY  CLAY  (CL),  BROWN;  WITH  SAND 

TOTAL  WEIGHT  OF  SAMPLE;  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT;  60.8  gms. 


;iGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

.0 

No 

4 

4.750 

100.0 

.1 

No 

6 

3.350 

99.8 

.2 

No 

10 

2.0,00 

99.7 

.5 

No 

16 

1.180 

99.2 

.7 

No 

20 

.850 

98.8 

1.1 

No 

30 

.600 

98.2 

1.6 

No 

40 

.425 

97.4 

2.1 

No 

50 

.300 

96.5 

2.6 

No 

70 

.212 

95.7 

3.1 

No 

100 

.150 

94.9 

3.4 

No 

140 

.106 

94.4 

3.7 

No 

200 

.075 

93.9 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  6.1 
PERCENT  FINES  =  93.9 


MD1298 


;  30.70 


PERCENT 

COARSER 

.0 

.2 

.3 

.8 

1.2 

1.8 

2.6 

3.5 
4.3 

5.1 

5.6 

6.1 


DAT 


OC: 


2.60 


EDE 
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M15 


as.  Sr/NWRD  SIEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  NUMBERS  HYDROMETER 


M16 


Appendix  M 


GRADATION  CURVE _ LABORATORY  USAE  WES  -  5TF/GL 


SIEVE  l^ALYSIS 


PROJECT:  JEFFERSON  PROVING  GROUND,  IN 


BORING:  JPG  REG. 4 
DEPTH: 


SAMPLE:  l.OM  DF:  MD1298 
DATE:  23  FEB  98 


.DAT 


L:  35  PL:  23  PI:  12  GS:  2.71 
LASSIFICATION:  228 

SILTY  CLAY  (CL) ,  BROWN;  WITH  SAND 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

ARTIAL  WEIGHT  AFTER  SPLIT:  50.0  gms. 


WC:  29.00  OC: 


WEIGHTS 

SIEVE 

SIZE  OPENING 

PERCENT 

PERCE] 

gm. 

or  NUMBER 

mm 

FINER 

COARS; 

.0 

No 

4 

4.750 

100.0 

.0 

.0 

No 

6 

3.350 

100.0 

.0 

.1 

No 

10 

2.000 

99.8 

.2 

.5 

No 

16 

1.180 

99.0 

1.0 

.9 

No 

20 

.850 

98.2 

1.8 

1.4 

No 

30 

.600 

97.2 

2.8 

2.0 

No 

40 

.425 

96.0 

4.0 

2.8 

No 

50 

.300 

94.4 

5.6 

3.7 

■  No 

70 

.212 

92.6 

7.4 

4.6 

No 

100 

.150 

90.8 

9.2 

5.3 

No 

140 

.106 

89.4 

10.6 

5.8 

No 

200 

.075 

88.4 

11.6 

PERCENT 

GRAVEL  = 

.0 

PERCENT 

SAND 

= 

11.6 

PERCENT 

FINES 

88.4 

Appendix  M 


2.60 


EDE 


M17 


U.S.  ST/SNWRD  SIEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  fWMBERS  HYDROMETER 


SIEVE  ANALYSIS 
PROJECT:  JEFFERSON  PROVING  GROUND,  IN 

BORING;  JPG  REG  5  SAMPLE:  lOCM  .  DF;  MD1298  .DAT 
DEPTH:  DATE:  23  FEB  98 

.L:  38  PL:  28  PI:  10  GS:  2.75  WC;  33.60  OC:  4.00 

ILASSIFICATION:  248 

SANDY  SILT  (ML) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

•ARTIAL  WEIGHT  AFTER  SPLIT:  55.4  gitlS. 


:iGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCE 

gm. 

or  NUMBER 

mm 

FINER 

COARS 

.0 

No 

4 

4.750 

100.0 

.0 

.1 

No 

6 

3.350 

99.8 

.2 

1.0 

No 

10 

2.000 

98.2 

1.8 

2,4 

No 

16 

1.180 

95.7 

4.3 

3.2 

No 

20 

.850 

94.2 

5.8 

4.1 

No 

30 

.600 

92.6 

7.4 

5.0 

No 

40 

.425 

91.0 

9.0 

6.0 

No 

50 

.300 

89.2 

10.8 

7.0 

No 

70 

.212 

87.4 

12.6 

7.9 

No 

100 

.150 

85.7 

14.3 

8.6 

No 

140 

.106 

84.5 

15.5 

9.1 

No 

200 

.075 

83.6 

16.4 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  16.4 
PERCENT  FINES  =  83.6 


EDE 
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U,S.  ST/WDARO  SIEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  hWMBERS  HYDROMETER 


Appendix  M 


SIEVE  -ANALYSIS 


PROJECT:  JEFFERSON  PROVING  GROUND,  IN 

BORING:  JPG  SAMPLE:  SURF  DF:  MD1298  .DAT 

DEPTH:  DATE:  23  FEB  98 


Jl.:  31  PL:  23.  PI:  8  GS:  2.74 
:LASSIFICATI0N:  108 

SANDY  CLAYEY  SILT  (ML) ,  BROWN 


30.70 


2.80 


TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  57.0  gms. 

WEIGHTS  SIEVE  SIZE  OPENING  PERCENT  PERCENT 
gm.  or  NUMBER  mm  FINER  COARSER 

.0  No  4  4.750  100.0  .0 


No  6 
No  10 
No  16 
No  20 
No  30 
No  40 
No  50 
No  70 
No  100 
No  140 
No  200 


3.350 

2.000 

1.180 

.850 

.600 

.425 

.300 

.212 

.150 

.106 

.075 


99.8 

98.9 

97.7 

96.8 

95.6 
94.0 

92.3 

90.4 
88.2 

86.7 

85.4 


.2 

1.1 

2.3 
3.2 

4.4 
6.0 
7.7 
9.6 

11.8 

13.3 

14.6 


PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =14.6 
PERCENT  FINES  =  85.4 
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Appendix  M 


SIEVE  ANALYSIS 


PROJECT:  JEFFERSON  PROVING  GROXJND,  IN 

BORING:  JPG  SAMPLE:  0.5M  DF:  MD1298  .DAT 

DEPTH:  DATE:  23  FEB  98 


LL:  32  PL:  20  PI:  12  GS 
CLASSIFICATION:  118 

SANDY  CLAY  (CL) ,  BROWN 


TOTAL  WEIGHT  OF  SAMPLE: 
PARTIAL  WEIGHT  AFTER  SPLIT: 


2.76 


.0  gms. 
58.8  gms. 


WC:  25.40  OC: 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.  0 

No 

4 

4.750 

100.0 

.0 

.1 

No 

6 

3.350 

99.8 

.2 

.3 

No 

10 

2 . 000 

99.5 

.5 

.9 

No 

16 

1.180 

98.5 

1.5 

1.5 

No 

20 

.850 

97,4 

2.6 

2.1 

No 

30 

.600 

96.4 

3.6 

2.9 

No 

40 

.425 

95.1 

4.9 

3.8 

No 

50 

.300 

93.5 

6.5 

4.7 

No 

70 

.212 

92.0 

8.0 

5.7 

No 

100 

.150 

90.3 

9.7 

6.5 

No 

140 

.106 

88.9 

11.1 

7.1 

No 

200 

.075 

87.9 

12.1 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =12.1 
PERCENT  FINES  =87.9 


2.20 


EDE 
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US.  SXWDARD  SIEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  NUMBERS  HYDROMETER 


SIEVE  ANALYSIS 


PROJECT:  JEFFERSON  PROVING  GROUND,  IN 

BORING:  JPG  SAMPLE:  l.OM  DF:  MD1298  .DAT 

DEPTH:  DATE:  23  FEB  98 


iL:  42  PL:  19  PI:  23  GS:  2.76  WC:  27.10  OC: 

ILASSIFICATION:  .128 

CLAY  (CL) ,  BROWN;  WITH  SAND 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

'ARTIAL  WEIGHT  AFTER  SPLIT:  55.5  gms. 


WEIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NUMBER 

mm 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.0 

.0 

No 

6 

3.350 

100.0 

.0 

.3 

No 

10 

2.000 

99.5 

.5 

.7 

No 

16 

1.180 

98.7 

1.3 

1.0 

No 

20 

.850 

98.2 

1.8 

1.4 

No 

30 

.600 

97.5 

2.5 

1.9 

No 

40 

.425 

96.6 

3.4 

2.4 

No 

50 

.300 

95.7 

4.3 

2.9 

No 

70 

.212 

94.8 

5.2 

3.5 

No 

100 

.150 

93.7 

6.3 

3.8 

No 

140 

.106 

93.2 

6.8 

3.9 

No 

200 

.075 

93.0 

7.0 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =  7.0 
PERCENT  FINES  =  93.0 
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iHOI3M  AG  d3NU  iN30d3d  Id  d 


M26 


Appendix  M 


SIEVE  ANALYSIS 


PROJECT:  JEFFERSON  PROVING  GROUND,  IN 


BORING:  JPG 
DEPTH: 


SAMPLE:  SURF  DF;  MD1298 
DATE:  23  FEB  98 


.DAT 


31.30 


LL:  37  PL:  24  PI:  13  GS:  2.76  WC: 

CLASSIFICATION:  138 

SILTY  CLAY  (CL) ,  BROWN;  WITH  SAND 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER. SPLIT:  56.9  gms. 


WEIGHTS  SIEVE  SIZE  OPENING  PERCENT  PERCENT 


OC; 


3.10 


gm. 

or  NUMBER 

mm 

FINER 

COARS: 

.0 

No 

4 

4.750 

100.0 

.0 

.2 

No 

6 

3.350 

99.6 

.4 

.5 

No 

10 

2.000 

99.1 

.9 

1.0 

No 

16 

1.180 

98.2 

1.8 

1.5 

No 

20 

.850 

97.4 

2.6 

2.1 

No 

30 

.600 

96.3 

3.7 

2.6 

No 

40 

.425 

95.4 

4.6 

3.2 

No 

50 

.300 

94.4 

5.6 

3.8 

No 

70 

.212 

93.3 

6.7 

4.4 

No 

100 

.150 

92.3 

7.7 

4.9 

No 

140 

.106 

91.4 

8.6 

5.2 

No 

200 

.075 

90.9 

9.1 

PERCENT 

GRAVEL  = 

.0 

PERCENT 

SAND 

= 

9.1 

PERCENT 

FINES 

= 

90.9 

EDE 
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US,  STWDARO  SIEVE  OPENING  N  INCHES  U.S.  STANDARD  SIEVE  MJMBERS  HYDROMETER 


M28 


Appendix  M 


SIEVE  ANALYSIS 


PROJECT:  JEFFERSON  PROVING  GROUND,  IN 


BORING:  JPG 
DEPTH: 


SAMPLE:  0.5M  DF:  MD1298 
DATE:  23  FEB  98 


.DAT 


LL:  37  PL:  22  PI:  15  GS:  2.78 
CLASSIFICATION:  .148 

CLAY  (CL) ,  BROWN;  WITH  SAND 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

PARTIAL  WEIGHT  AFTER  SPLIT:  61.7  gms. 


WC: 


24.70 


OC: 


2.10 


WEIGHTS 

SIEVE  SIZE  OPENING 

PERCENT 

PERCE 

gm. 

or  NUMBER 

mm 

FINER 

COARS 

.0 

No 

4 

4.750 

100.0 

.0 

.0 

No 

6 

3.350 

100.0 

.0 

.6 

No 

10 

2.000 

99.0 

1.0 

1.2 

No 

16 

1.180 

98.1 

1.9 

1.8 

No 

20 

.850 

97.1 

2.9 

2.3 

No 

30 

.600 

96.3 

3.7 

2.9 

No 

40 

.425 

95.3 

4.7 

3.4 

No 

50 

.300 

94.5 

5.5 

3.9 

No 

70 

.212 

93.7 

6.3 

4.4 

No 

100 

.150 

92.9 

7.1 

4.8 

No 

140 

.106 

92.2 

7.8 

5.0 

No 

200 

.075 

91.9 

8.1 

PERCENT 

GRAVEL  =  .0 

PERCENT 

SAND 

=  8.1 

PERCENT 

FINES 

=  91.9 

EDE 
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Appendix  M 


SIEVE  ANALYSIS 


I^ROJECT:  JEFFERSON  PROVING  GROUND,  IN 
U92€,^l/si') 

BORING:  JPG  SAMPLE:  l.OM  DF:  MD1298  .DAT 

DEPTH:  DATE:  23  FEB  98 

28  PL:  18  pi:  10  GS:  2.78  WC;  18.60  OC:  2.00 

.SSIFICATION:  158 

SANDY  CLAY  (CL) ,  BROWN 

TOTAL  WEIGHT  OF  SAMPLE:  .0  gms. 

TIAL  WEIGHT  AFTER  SPLIT:  52.7  gms. 


IIGHTS 

SIEVE  SIZE 

OPENING 

PERCENT 

PERCENT 

gm. 

or  NtJMBER 

mm 

FINER 

COARSER 

.0 

No 

4 

4.750 

100.0 

.  .0 

.4 

No 

6 

3.350 

99.2 

.8 

1.1 

No 

10 

2.000 

97.9 

2.1 

2.8 

No 

16. 

1.180 

94.7 

5.3 

3.8 

No 

20 

.850 

92.8 

7.2 

4.5 

No 

.  30 

.600 

91.5 

8.5 

5.3 

No 

40 

.42-5 

89.9 

10.1 

6.4 

No 

50 

.300 

87.9 

12.1 

7.5 

No 

70 

.212 

85.8 

14.2 

8.7 

No 

100 

.150 

83.5 

16.5 

9.6 

No 

140 

.106 

81.8 

18.2 

10.2 

No 

200 

.075 

80.6 

19.4 

PERCENT  GRAVEL  =  .0 
PERCENT  SAND  =19.4 
PERCENT  FINES  =  80.6 


EDE 
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DATA  SET:  10E55NC 

CLIENT:  Waterways  Experiment  Station  DATE:  May  1997 

LOCATION:  Jefferson  Proving  Ground  SOUNDING:  10,55 

COUNTY:  Madison,  IN  AZIMUTH:  N-S‘ 

PROJECT:  1  Hectare  Site  EQUIPMENT:  VES 

ELEVATION:  0.00 

SOUNDING  COORDINATES:  X:  10.0000  Y:  55.0000 

Schlumberger  Configuration 
FITTING  ERROR:  4.268  PERCENT 


L  #  RESISTIVITY  THICKNESS  ELEVATION  LONG.  COND.  TRANS.  RES. 

(ohm-m)  (meters)  (meters)  (Siemens)  (Ohm-m^2) 

0.0 

1  879.6  0.222  -0.222  2.533E-04  196.0 

2  279.6  0.951  -1.17  0.00340  266.1 

3  70.41  4.26  -5.44  0.0606  300.4 

4  2253.4 


ALL  PARAMETERS  ARE  FREE 
PARAMETER  BOUNDS  FROM  EQUIVALENCE  ANALYSIS 


LAYER 

MINIMUM 

BEST 

MAXIMUM 

RHO 

1 

579.912 

879.692 

1459.337 

2 

200.136 

279.677 

370.619 

3 

47.101 

70.411 

90.090 

4 

1464.276 

2253.400 

3863.460 

THICK 

1 

0.136 

0.223 

0.368 

2 

0.744 

0.952 

1.378 

3 

.  2.603 

4.267 

5.766 

DEPTH 

1 

0.136 

0.223 

0.368 

2 

0.901 

1.175 

1.693 

3 

4.254 

5.442 

6.751 

No. 

SPACING 

RHO- 

-A  ( ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

317.4 

310.0 

2.32 

2 

0.600 

268.3 

268.8 

-0.152 

*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES 
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No. 

SPACING 

RHO-A 

(ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

3 

0.700 

227.7 

237.0 

-4.10 

4 

0.800 

209.8 

213.1 

-1.53 

5 

1.00 

182.2 

180.7 

0.817 

6 

1.00 

272.9 

270.6 

0.817 

7 

1.30 

247.0 

227.2 

7.99 

8 

1.60 

192.3 

197.3 

-2.58 

9 

2.00 

159.7 

165.9 

-3.89 

10 

2.50 

131.3 

135.9 

-3.55 

11 

3.00 

114.9 

115.0 

-0.109 

12 

4.00 

96.85 

93.35 

3.60 

13 

5.00 

91.31 

87.82 

3.81 

14 

5.00 

104.2 

100.2 

3.81 

15 

6.00 

97.25 

103.0 

-5.96 

16 

8.00 

111.2 

120.2 

-8.17 

17 

10.00 

135.8 

143.4 

-5.62 

18 

13.00 

178.3 

180.8 

-1.41 

19 

16.00 

221.6 

218.2 

1.54 

20 

20.00 

274.6 

266.5 

2.92 

21 

25.00 

335.5 

324.3 

3.33 

22 

30.00 

395.4 

379.3 

4.08 

23 

30.00 

397.2 

381.0 

4.08 

24 

40.00 

501.3 

483.7 

3.52 

25 

40.00 

515.4 

497.2 

3.52 

26 

50.00 

580.1 

593.5 

-2.30 

27 

60.00 

622.0 

681.7 

-9.59 

PARAMETER  RESOLUTION  MATRIX: 

iipii 

INDICATES  FIXED  PARAMETER 

P  1 

0.99 

P  2 

0.00  1.00 

P  3 

0.00  0.00 

1.00 

P  4 

0.00  0.00 

0.00 

0.99 

T  1 

0.01  0.00 

0.00 

0.00  0.99 

T  2 

0.00  0.00 

0.00 

0.00  0.00 

1 

.00 

T  3 

0.00  0.00 

0.00 

0.00  0.00 

0 

.00  0.99 

PI  P  2 

P  3 

P  4  T  1 

T  2  T  3 

*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES  * 
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DATA  SET:  40E55N 


CLIENT:  Waterways  Experiment  Station 
LOCATION:  Jefferson  Proving  Ground 
COUNTY:  Madison,  IN 
PROJECT:  1  Hectare  Site 
ELEVATION:  0.00 


SOUNDING  COORDINATES:  X: 


40.0000  Y: 


DATE: 

SOUNDING: 

AZIMUTH: 

EQUIPMENT: 


0_ct^  1997 
40,55 
N-S 
VES 


55.0000 


Schlumberger  Configuration 


FITTING  ERROR: 

3.797 

PERCENT 

L  # 

RESISTIVITY 

THICKNESS 

ELEVATION 

LONG.  COND. 

TRANS 

(ohm-m) 

(meters) 

(meters) 

0.0 

(Siemens) 

(Ohm 

1 

611.9 

0.819 

-0.819 

0.00134 

501.- 

2 

3 

ALL 

68.55 

1323.7 

PARAMETERS  ARE 

4.18 

FREE 

-5.00 

0.0611 

287.: 

PARAMETER  BOUNDS  FROM  EQUIVALENCE  ANALYSIS 


LAYER 

MINIMUM 

BEST 

MAXIMUM 

RHO 

1 

575.058 

611.919 

653.267 

2 

55.212 

68.559 

80.542 

3 

1009.741 

1323.723 

1917.806 

THICK 

1 

0.755 

0.819 

0.890 

2 

3.161 

4.189 

5.225 

DEPTH 

1 

0.755 

0.819 

0.890 

2 

4.048 

5.009 

6.002 

No. 

SPACING 

RHO- 

-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

582.4 

512.4 

12.01 

2 

0.600 

484.5 

500.5 

-3.30 

3 

0.700 

468.2 

485.6 

-3.71 

4 

0.800 

455.3 

467.9 

-2.76 

5 

1.00 

412.0 

426.5 

-3.52 

6 

1.00 

400.2 

414.3 

-3.52 

*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES  * 

Appendix  N  N5 


40E55N 


PAGE  2 


No. 

SPACING 

RHO-A 

(ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

7 

1.30 

350.3 

347.2 

0.904 

8 

1.60 

290.4 

282.5 

'2.73 

9 

2.00 

212.9 

211.2 

0.769 

10 

2.50 

150.7 

150.3 

0.226 

11 

3.00 

111.8 

114.5 

-2.48 

12 

4.00 

88.14 

85.88 

2.56 

13 

5.00 

82.82 

81.80 

1.22 

14 

5.00 

87.56 

86.48 

1.22 

15 

6.00 

87.96 

91.10 

-3.57 

16 

8.00 

106.0 

108.8 

-2 . 66 

17 

10.00 

127.9 

130.0 

-1.65 

18 

13.00 

158.8 

162.7 

-2.45 

19 

16.00 

190.2 

194.4 

-2.24 

20 

20.00 

239.8 

234.4 

2.22 

21 

25.00 

296.5 

280.9 

5.26 

22 

30.00 

339.1 

323.8 

4.51 

23 

30.00 

349.6 

333.8 

4.51 

24 

40.00 

404.8 

413.0 

-2.01 

25 

40.00 

440.3 

449.1 

-2.01 

26 

50.00 

521.3 

523.9 

-0.495 

27 

60.00 

568.6 

589.4 

-3.65 

PARAMETER 

RESOLUTION  MATRIX; 

P  1 

INDICATES  FIXED  PARAMETER 

1.00 

P  2 

0.00 

1.00 

P  3 

0.00 

0.00  1.00 

T  1 

0.00 

0.00  0.00  1.00 

T  2 

0.00 

P  1 

0.00  0.00  0.00  1.00 
P2  P3  T1  T2 

*  U.S.  ARMY  CORPS  OF  ENGINEERS  WWES 
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DATA  SET:  70E55N 


CLIENT: 

LOCATION: 

COUNTY: 

PROJECT: 

ELEVATION: 


Waterways  Experiment  Station 
Jefferson  Proving  Ground 
Madison,  IN 
1  Hectare  Site 
0.00 


X: 


70.0000  Y: 


DATE:  Oct  1997 
SOUNDING:  70,55 
AZIMUTH:  N-S‘ 
EQUIPMENT:  VES 


SOUNDING  COORDINATES: 

Schlumberger  Configuration 
FITTING  ERROR:  4.604  PERCENT 


55.0000 


L  # 


1 

2 

3 


RESISTIVITY  THICKNESS  ELEVATION  LONG.  COND, 
(ohm-m)  (meters)  (meters)  (Siemens) 


665.4 

60.40 

9006.0 


0.636 

4.90 


0.0 

-0.636 

-5.54 


9.561E-04 

0.0812 


TRANS.  RES. 
(Ohm-m" 2) 


423.4 

296.4 


ALL  PARAMETERS  ARE  FREE 
PARAMETER  BOUNDS  FROM  EQUIVALENCE  ANALYSIS 


LAYER 

MINIMUM 

BEST 

MAXIMUM 

RHO 

1 

615.391 

665.475 

731.520 

2 

52.998 

60.404 

68.761 

3 

3008.793 

9006.098 

77155.945 

THICK 

1 

0.581 

0.636 

0.689 

2 

4.138 

4.908 

5.844 

DEPTH 

1 

0.581 

0.636 

0.689 

2 

4.808 

5.545 

6.455 

No. 

SPACING 

RHO- 

-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

355.5 

362.1 

-1.86 

2 

0.600 

373.4 

345.8 

7.39 

3 

0.700 

348.3 

326.5 

6.25 

4 

0.800 

304.9 

305.1 

-0.0767 

5 

1.00 

248.8 

259.6 

-4.36 

6 

1.00 

394.6 

411.9 

-4.36 
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No. 

SPACING 

RHO-A 

( ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

7 

1.30 

301.1 

309.6 

-2.83 

8 

1.60 

215.0 

228.1 

-6.10 

9 

2.00 

155.4 

154.9 

0.319 

10 

2.50 

110.0 

105.7 

3.85 

11 

3.00 

88.54 

83.35 

5.85 

12 

4.00 

72.96 

70.88 

2.84 

13 

5.00 

72.38 

72.16 

0.302 

14 

5.00 

82.12 

81.87 

0.302 

15 

6.00 

78.40 

88.00 

-12.25 

16 

8.00 

98.48 

106.1 

-7.75 

17 

10.00 

126.1 

128.0 

-1.51 

18 

13.00 

166.2 

163.6 

1.54 

19 

16.00 

202.0 

200.2 

0.920 

20 

20.00 

254.4 

248.8 

2.18 

21 

25.00 

321.4 

309.1 

3.81 

22 

30.00 

378.6 

368.6 

2.61 

23 

30.00 

367.7 

358.0 

2.61 

24 

40.00 

487.6 

471.7 

3.25 

25 

40.00 

475.2 

459.8 

3.25 

26 

50.00 

558.6 

568.1 

-1.69 

27 

60.00 

628.3 

674.0 

-7.26 

PARAMETER  RESOLUTION  MATRIX: 
"F"  INDICATES  FIXED  PARAMETER 


P 

1 

1.00 

P 

2 

0.00 

1.00 

P 

3 

0.00 

0.00 

0.87 

T 

1 

0.00 

0.00 

0.00 

1.00 

T 

2 

0.00 

0.00 

-0.01 

0.00 

p  1 

P  2 

P  3 

T 
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CLIENT: 

LOCATION: 

COUNTY: 

PROJECT: 

ELEVATION: 


DATA  SET:  100E55NB 

Waterways  Experiment  Station 
Jefferson  Proving  Ground 
Madison,  IN 
1  Hectare  Site 
0.00 


SOUNDING  COORDINATES:  X: 


100.0000  Y: 


DATE:  Oct^  1997 
SOUNDING:  10055 
AZIMUTH:  N-S 
EQUIPMENT:  VES 

55.0000 


L  # 


Schlumberger  Configuration 
FITTING  ERROR:  6.293  PERCENT 

RESISTIVITY  THICKNESS  ELEVATION  LONG.  COND. 
(ohm-m)  (meters)  (meters)  (Siemens) 

0.0 


TRANS.  RES, 
(Ohm-m ''2) 


1 

610.0 

0.294 

-0.294  4 

.833E-04 

179.8 

2 

293.4 

2.02 

-2.32 

0.00691 

595.1 

3 

58.17 

2.84 

-5.17 

0.0489 

165.7 

4 

2335.3 

ALL 

PARAMETERS  ARE 

FREE 

PARAMETER  BOUNDS  FROM  EQUIVALENCE  2UJALYSIS 

LAYER 

MINIMUM 

BEST 

MAXIMUM 

RHO 

1 

459.990 

610.001 

919.275 

2 

233.813 

293.403 

352.502 

3 

25.935 

58.171 

116.489 

4 

1340.070 

2335.310 

5883 . 015 

THICK 

1 

0.159 

0.295 

0.532 

2 

1.556 

2.028 

2.597 

3 

1.214 

2.849 

5.931 

DEPTH 

1 

0.159 

0.295 

0.532 

2 

1.817 

2.323 

3.008 

3 

4.033 

5.172 

7.902 

No. 

SPACING 

RHO- 

-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

331.3 

382.8 

-15.54 

2 

0.600 

456.9 

356.2 

22.04 
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No. 

SPACING 

(m) 

RHO-A 

DATA 

(ohm-m) 

SYNTHETIC 

DIFFERENCE 

(percent) 

3 

0.700 

310.6 

332.4 

-7.00 

4 

0.800 

305.9 

312.1 

-2.03 

5 

1.00 

282.0 

281.4 

0.222 

6 

1.00 

357.0 

356.2 

0.222 

7 

1.30 

301.7 

320.0 

-6.09 

8 

1.60 

300.8 

297.9 

0.963 

9 

2.00 

273.7 

277.0 

-1.22 

10 

2.50 

258.3 

255.3 

1.14 

11 

3.00 

242.0 

235.2 

2.80 

12 

4.00 

199.0 

199.2 

-0.0922 

13 

5.00 

174.4 

172.6 

0.999 

14 

5.00 

200.0 

198.0 

0.999 

15 

6.00 

175.9 

180.1 

-2.40 

16 

8.00 

169.1 

174.5 

-3.17 

17 

10.00 

190.7 

192.3 

-0.815 

18 

13.00 

239.8 

234.8 

2.08 

19 

16.00 

285.6 

281.6 

1.39 

20 

20.00 

333 . 1 

343.0 

-2.99 

21 

25.00 

413.1 

416.4 

-0.816 

22 

30.00 

490.4 

486.0 

0.909 

23 

30.00 

461.2 

457.0 

0.909 

24 

40.00 

599.1 

578.1 

3.51 

25 

40.00 

576.6 

556.3 

3.51 

26 

50.00 

661.5 

661.8 

-0.0480 

27 

60.00 

725.5 

757.8 

-4.44 

PARAMETER 

RESOLUTION  MATRIX: 

lip  If 

INDICATES  FIXED  PARAMETER 

P  1 

0.95 

P  2 

-0.02 

0.99 

P  3 

-0.01 

-0.01 

0.55 

P  4 

0.01 

0.01 

-0.03 

0.82 

T  1 

0.08 

0.04 

0.03 

-0.01 

0.85 

T  2 

0.00 

0.01 

0.12 

-0.01  - 

0.02 

0.95 

T  3 

-0.01 

-0.02 

-0.46 

-0.06 

0.03 

0.12  0.51 

P  1 

P  2 

P  3 

P  4 

T  1 

T  2  T  3 
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for:  Waterways  Experiment  Station  1  Hectare  aitp 

by:  u.s.  ARMY  CORPS  OF  ENGiNEEfis  wwEs  JeffersoD  Ppoving  Ground 

Data  Set:  100E55NB  I  Date:  Oct  1557  _  Madison.  IN 
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DATA  SET:  60E30N 

CLIENT:  Waterways  Experiment  Station  DATE:  Oct  1997 

LOCATION:  Jefferson  Proving  Ground  SOUNDING:  60,30 

COUNTY:  Madison,  IN  AZIMUTH:  E-W 

PROJECT:  1  Hectare  Site  EQUIPMENT:  VES 

ELEVATION:  0.00 

SOUNDING  COORDINATES:  X:  60.0000  Y:  30.0000 

Schlumberger  Configuration 
FITTING  ERROR:  2.545  PERCENT 


L  #  RESISTIVITY  THICKNESS  ELEVATION  LONG.  COND.  TRANS.  RES. 

(ohm-m)  (meters)  (meters)  (Siemens)  (Ohm-m'^2) 

0.0 

0.751  -0.751  0.00163  347.3 

4.20  -4.95  0.0849  208.4 


ALL  PARAMETERS  ARE  FREE 
PARAMETER  BOUNDS  FROM  EQUIVALENCE  ANALYSIS 


LAYER 

MINIMUM 

BEST 

MAXIMUM 

RHO 

1 

441.034 

462.039 

483.404 

2 

43.316 

49.540 

54.981 

3 

1513.691 

2121.598 

3492.890 

THICK 

1 

0.712 

0.752 

0.795 

2 

3.544 

4.208 

4.831 

DEPTH 

1 

0.712 

0.752 

0.795 

2 

4.334 

4.960 

5.557 

No. 

SPACING 

RHO- 

-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

403.0 

383.9 

4.73 

2 

0.600 

386.6 

372.7 

3.59 

3 

0.700 

338.5 

358.9 

-6.02 

4 

0.800 

344.5 

342.9 

0.447 

5 

1.00 

306.7 

306.5 

0.0658 

6 

1.00 

353.7 

353.5 

0.0658 
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No. 

SPACING 

RHO-A 

(ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

7 

1.30 

274.6 

286.9 

-4.47 

8 

1.60 

220.6 

226.5 

-2.67 

9 

2.00 

167.3 

164.3 

1.80 

10 

2.50 

118.4 

115.1 

2.70 

11 

3.00 

89.58 

88.69 

0.988 

12 

4.00 

68.61 

70.20 

-2.32 

13 

5.00 

70.72 

69.66 

1.48 

14 

5.00 

74.54 

73.43 

1.48 

15 

6.00 

75.39 

79.01 

-4.81 

16 

8.00 

95.18 

96.44 

-1.32 

17 

10.00 

117.2 

116.8 

0.361 

18 

13.00 

149.9 

148.6 

0.881 

19 

16.00 

180.1 

180.1 

-0.0119 

20 

20.00 

222.6 

221.0 

0.735 

21 

25.00 

276.5 

270.3 

2.25 

22 

30.00 

313.8 

317.5 

-1.18 

23 

30.00 

302.0 

305.6 

-1.18 

24 

40.00 

401.1 

391.3 

2.43 

25 

40.00 

393.8 

384.3 

2.43 

26 

50.00 

454.8 

462.3 

-1.63 

27 

60.00 

524.8 

534.8 

-1.89 

PARAMETER 

RESOLUTION  MATRIX: 

11^11 

INDICATES  FIXED  PARAMETER 

P  1 

1.00 

P  2 

0.00 

1.00 

P  3 

0.00 

0.00 

0.99 

T  1 

0.00 

0.00 

0.00 

1.00 

T  2 

0.00 

0.00 

0.00 

0.00  1.00 

P  1 

P  2 

P  3 

T  1  T  2 
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DATA  SET:  60E85N 

CLIENT:  Waterways  Experiment  Station  DATE:  Oct^ 1997 

LOCATION:  Jefferson  Proving  Ground  SOUNDING:  60,85 

COUNTY:  Madison,  IN  AZIMUTH:  E-W 

PROJECT:  1  Hectare  Site  EQUIPMENT:  VES 

ELEVATION:  0.00 

SOUNDING  COORDINATES:  X:  60.0000  Y:  85.0000 

Schlumberger  Configuration 
FITTING  ERROR:  3.880  PERCENT 


L  #  RESISTIVITY  THICKNESS  ELEVATION  LONG.  COND.  TRANS.  RES. 

(ohm-m)  (meters)  (meters)  (Siemens)  (Ohm-m^2) 

0.0 

1  543.8  0.468  -0.468  8.616E-04  254.8 

2  48.77  4.20  -4.67  0.0862  205.3 

3  2257.8 

ALL  PARAMETERS  ARE  FREE 


PARAMETER  BOUNDS  FROM  EQUIVALENCE  ANALYSIS 


LAYER 

MINIMUM 

BEST 

MAXIMUM 

RHO 

1 

496.424 

543.874 

612.144 

2 

43.587 

48.780 

54.398 

3 

1427.577 

2257.860 

4702.608 

THICK 

1 

0.430 

0.469 

0.504 

2 

3.593 

4.209 

4.970 

DEPTH 

1 

0.430 

0.469 

0.504 

2 

4.082 

4.678 

5.418 

No. 

SPACING 

RHO- 

-A  (ohm-m) 

DIFFERENCE 

(m) 

DATA 

SYNTHETIC 

(percent) 

1 

0.500 

433.1 

395.8 

8.61 

2 

0.600 

349.7 

361.1 

-3.24 

3 

0.700 

325.7 

324.1 

0.492 

4 

0.800 

295.0 

287.1 

2.66 

5 

1.00 

208.6 

219.8 

-5.34 

6 

1.00 

253.1 

266.6 

-5.34 
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No. 

SPACING 

(m) 

RHO-A 

DATA 

(ohm-m) 

SYNTHETIC 

DIFFERENCE 

(percent) 

7 

1.30 

169.4 

176.0 

-3.88 

8 

1.60 

121.9 

121.2 

"0.B50 

9 

2.00 

90.33 

84.34 

6.63 

10 

2.50 

69.85 

66.75 

4.43 

11 

3.00 

62.67 

61.64 

1.64 

12 

4.00 

60.33 

62.49 

-3.58 

13 

5.00 

65.07 

67.97 

-4.46 

14 

5.00 

69.59 

72.69 

-4.46 

15 

6.00 

77.90 

80.76 

-3.68 

16 

8.00 

102.2 

100.5 

1.71 

17 

10.00 

124.9 

122.3 

2.04 

18 

13.00 

154.9 

156.0 

-0.705 

19 

16.00 

190.3 

189.4 

0.521 

20 

20.00 

234.2 

232.6 

0.646 

21 

25.00 

293.1 

284.9 

'  2.80 

22 

30.00 

332.8 

335.1 

-0.689 

23 

30.00 

311.5 

313.7 

-0.690 

24 

40.00 

418.6 

402.6 

3.83 

25 

40.00 

401.1 

385.7 

3.83 

26 

50.00 

465.8 

464.9 

0.189 

27 

60.00 

505.4 

538.9 

-6.63 

PARAMETER 

RESOLUTION  MATRIX: 

lip  II 

P  1 

INDICATES  FIXED  PARAMETER 

1.00 

P  2 

0.00 

1.00 

P  3 

0.00 

0.00  0.99 

T  1 

0.00 

0.00  0.00  1.00 

T  2 

0.00 

P  1 

0.00  0.00  0.00  1.00 
P2  P3  T1  T2 
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